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I. THE INTRODUCTION 


The two main problems of representing the source 
alphabet symbols in terms of another system of symbols 
(the encoding process) are the following: 

1. The altered symbols could be decoded incorrectly. 
2. For the sake of efficiency the source symbols should 
be represented in a minimal form. 

One coding process is to encode the source data into the 
Mmary digits (bits) which consists of 0's and l's. Modern 
military communication systems are increasingly adopting the 
digital method of transmitting data. In addition to its 
Simplicity part of the reason for the use of digital 
transmission is that it is more reliable than is analog 
transmission. Another reason that modern systems use 
digital methods is that integrated circuits are now very 
cheap and provide a powerful method for flexibly апа 
reliably processing and transforming digital signals. 

Dealing with digital transmission, shorter messages 
maximize the data transfer rate but also cause minimization 
of the redundancy of the source and hence vulnerability to 
errors. Variable length codes used to encode the Source data 
drives the reduction in the source redundancy. 

The Huffman code is clearly a variable length code. It 
takes advantage of the high frequency occurence of some 
letters in the source alphabet by assigning them short bit 
EEgwences. On the other hand the low frequency occurence of 


Source symbols are assigned long bit sequences. [Ref. 1] 


A. HUFFMAN CODING 

Huffman encoding, devised by David A. Huffman, has the 
property of being a minimum redundancy encoding; that is, 
among all variable length binary encodings having the prefix 


Property, that no complete symbol is the prefix of some 


other symbol, this encoding has the lowest average number of 
binary digits used per letter of the original message, 
assuming that TERE message 15 made up of letters 
independently chosen, each with its probability given. 
[Re£. 2] 

The underlying idea of the Huffman coding procedure is 
to repeatedly reduce a code to an equivalent problem with 
one less code symbol. In more detail, the two least probable 
symbols are merged into a single symbol whose probability is 
the sum of the two original probabilities and then this new 
symbol is inserted into its proper (ordered) position. As 
an example of Huffman encoding suppose we have a source 
alphabet of six symbols, with the given probabilities of 


occurence. See (Table 1). 


TABLE 1 
SOURCE ALPHABET AND ITS PROBABILITIES 


SYMBOL PROBABILITIES 





From Table l it can be observed that the sum of the 
probabilities is equal to one. If the symbols don't have the 
probabilities in decreasing order, they should be arranged 
in this way. The coding process can be done according to 


the following procedure. 
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Шемен Ене first reduction from the original n 
symbols to n-l1 symbols combine the two least probable 
symbols of the source alphabet into a single symbol, whose 
probability is equal to the sum of the two corresponding 


probabilities. See (Figure 1.1). 


Symbol | Prob | Prob 
M ae E E о 
ӨМ | 0.4 | 0.4 
S2 | 22 | 072 
58 | 0-2 | 082 
54 | 0.1 | Оа 
55 | 02025 21-04 
56 | 005 | 
=== ==== === == аа 
| Огіріпа1 | First 


| | Reduction 
Figure 1.1 The First Reduction. 


The repetition of this reduction is to be continued 
until only two symbols remain. See (Figure 1.2). As in the 
original, in each reduction the probability summation equal 
to ome is kept. 

By giving the two symbols in the fourth reduction the 
values 0 and 1, and proceeding backwards to the left, the 


aSsignments for the original code words can be accomplished. 


Going backwards, one of these symbols has to be expanded 
into two symbols. By assigning a second digit O for one of 
them and 1 for the the other, this splitting process is 


continued until one comes back to the original symbols. 
Figure 1.3 shows the first three splitting processes and 
their respective assigned code words. Тһе 0 апа l's in the 
parentheses are the assigned code words. The final code 


words for this example are given in Table 2. 
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51 |77981 [ 02 0.4 0 24 | 0.6 
52 | 0.2 | о.2 | 997 "008 
S3 172 | 22 Po? 22 | 
54 | 1 | е ў | | 
55 | — 1 | | | 
56 (7905 | | | 
о-в | | te iri — - 
|Original| First | Second | Third) r 


| | Reduc. | Reduc. | Reduce. | Кеашен 


Figure 1.2 The Reduction Process. 


Symbol | Props | Prob | Prob 
эг не - 22-2--5-- 
Sq (С! ыстан 0.6(0) 
s2 10.200) | Оо ҰС o 
53 1 90000018 e | 
S4 | UR | 
55 | | | 
56 | | | 


ср тоа | Second | Farst 
[Splitting | Splitting | Spi CNE 


Figure 1.3 The First Three Splitting Processes. 


B. MODIFICATION OF HUFFMAN CODING 

The procedure given in section A was accomplished Бу 
merging states at the bottom of the list of ordered 
probabilities. The code word lengths which were assigned to 
the symbols of the above example were (1,2,3,4,5,5) as shown 
in Table 2. The average code length is given by 
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E" 
и 


ШЕ 220200: 0205: 0.1243: 0.05(5): 0.05(5) 
ри 


and the variance is given by 


ЕО у оо Ото а) + 0.2(3-2.3)7 
5 0 2286 ES 0 05 (5-2.3)2 + 0.05(5-2.3)2 = 1.81 


On the other hand, if the combined symbols are placed as 
high as possible in the list of ordered probabilities the 
code lengths obtained will be (2,2,2,3,4,4). For this second 
encoding the reductions are given in Figure 1.4. The first 
three splitting processes and final assignments of the 
Source symbols are shown in Figure 1.5 and in Table 3 


respectively. 
The average code length is now given by 


L Qu ELO 2(2)1520:2(2)* 0.1(3)* 0.05(4)* 0.05(4) 


L Е 


and the variance is given by 


| 


202018). 20 2(2:-2.3): > 0.2(2-2.3): 
2 ИЕР 29 90.05(4-293)? «- 0.05(4-2.3)2 + 0.41 


Obviously the variability of the second assignment is 


lower than that of the first code. The result of moving 
merged symbols to high positions will result in the 
production of codes of lower variance. [Ref. 1: page 68] 


To obtain codes of low variance аз а modification of 
Huffman coding, three different parameters (N,K,E) are 
defined to describe the position where the combined symbol 
is to be placed. These three parameters, two of which were 
proposed in [Ref. 3], make use of what appears to be an 
optimal (in the sense minimizing variance) procedure of 
Shifting the combined symbols higher than where they belong 
in the ordered probability listing. The definitions and 


examples of theSe parameters are given below. 
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TABLENZ 
FINAL ASSIGNMENTS OF THE CODE WORDS 


CODE WORDS 





Symbol Bl f Ето сев | ЕСЕ ртов | a PrOD 
DR |- === === | == === ILL LL LLLLLLLL 
SIE | 0.4 | 9.4 | 0.4 | „0.4 | 0.6 
s2 л 17 ТЕ Ж Ао. 

53 10:22 | 0.2 22 | ae | 
54 А ОЕ (те! | n | | 
55 | 20-05 i и | | | 
56 | d | | | | 
шан м - 
|Original| First | Ѕбесопа |1 га | МОН 
| | Reduc. | Reduc. | Reduc. | Reduc. 
Figure 1.4 The Reduction Process for the Second Encoding. 


1. The Parameter N 
N is defined as an integer which is used to move the 
merged symbols to relatively higher positions than would be 
normally done. If N is set to 2, combined symbols are moved 
two positions higher than they would normally appear in the 


list of probabilities. Setting N equal to 0, Еще ои 
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SL | 0.4(00) | 0.4(1) | 26:60) 

ЕТІ поло о yo ico STD 

S3 | 022(10) tual bad | 

54 | O юэ | | 

S5 | | | 

56 | | | 

шинийн ыш и | See = 
| АШТА | Second | First 
[Sphittimem | ” Splittine - | Splirting 
Figure 1.5 Splitting Processes for the Second Encoding. 


TABLE 3 
THE FINAL CODE WORDS FOR THE SECOND ENCODING 


CODE WORDS 





Huffman encoding given in Table 1 can be obtained. Figure 
1.6 demonstrates the first reduction of the modified Huffman 
coding for the example given in the previous section when N 
is Set to 2. When the second reduction 15 performed the 
last symbols in the list are combined. In the example, the 


Mist two symbols of the first reduction (0.2 апа 0.1) are 


L5 


merged and the probability assigned to the 


combined symbol 


is 0.3. This merged new symbol is then placed at the top of 
the list. 
аа с ЕЕЕ ЕЕ | 
Symbol | Prob | Prob 
= = өв эв өв өв өв ов ов өв өв өв нв өв = |------ 2222 GLGLGLGii 
S | 0.4 | 0.4 
S | 022 | 022 
S | 02 | ОШ 
54 | omi | 02 
55 | 02105 | 0-0 
56 | 0.95 | 
ciis РРА і----- D _  _ __ 
| Original | Er 
| | Reduction 
Figure 1.6 Modified Huffman Coding for N = 2. 
2. The Parameter K 
The second parameter, К, is a number used Го 
multiply the probability sum of each merged entry. This 
parameter generally causes the merged entry to appear ша 
higher position than it would appear normally in the 
original Huffman coding. The original Huffman code is 
obtained by setting K to 1. Setting K equal to D 


example, multiplies the probability of the 
3 and then puts it where it would normally 
the add 


Huffman coding given 


now probabilities no со 


of the 


be modified as shown in Figure 


longer 
reduction 

Section can 

3. The 

The ES 

the sum of the probabilities of 

the 


Parameter E 


third parameter, 15 а геа 
the merged 
positions тп Ее КЕЕ 


E has the same effect 


as relative 


concerned, as K an 


symbol is placed in the location where 1 
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combined entry by 
Of course 
The 


previous 


appear. 
12; 

ат 

76 


Cirse 
the 


l number added 65 
Ав fan 
symbols 


entries. 
EE 
d N. 
t 


are 
The merged 


would normally 


Symbol | ProD. | ProD 
ео | - - == ====–=––– == | –= == == = === = = == 
51 | 0.4 | 0.4 
27 | 042 | 925 
53 | @ 2 | 0772 
54 | 221 02 
39 | O. 05 | me 
S6 | 0.05 | 
= = = ü= ээ эн == = = CO cu = "= = |--:77--7:7-----|--------------- 
| Original | pars t 
| | Reduction 
Барите 1 Modified Huffman Coding for K = 3. 
appear as if the result was the correct probability. Of 
course, again the probabilities do not sum to 1. The 
original Huffman coding is produced when E is set to 0. 


Figure 1.8 shows the first reduction of the modified Huffman 


eocang fon the example given in  thes9previous Section when-E 


ШЕ set to 0.15. 


= = = = = = = - = = = = = = = 


Figure 1.8 


Modified Huffman Coding for E - 


EoD | Prop 
мээн ЇЭс------------- 
0.4 | 0.4 
0 | 0:25 
O 2 | OS 
ou UT 

(205 | D^ 
22079 | 
E | -------------- 
Original | First 
| Reduction 


(22152 


ШІ?) 


С. THE NORMALIZATION PROCESS 

During the modification of the Huffman соалпа proces 
the requirement for the summation of the probabilities to be 
equal to one was not considered except for the parameter N. 
For the other two parameters (E,K) а probability sum equal 
to one сап be retained by normalizing the list of ordered 
probabilities at each reduction stage during the 
modification process. To observe the effect of this 
normalization we first continue the reduction process and 
find the code words produced when the parameter E is set to 
0.15 without normalizing. See (Figure 1.9). The splitting 
process and the final code words are given in Figure 1.10 
and in Table 4, respectively. 

On the other hand, if the normalization is applied at 
each reduction stage, the resulting reduction and splitting 
processes are as given in Figure 1.11 and Figure 1.12. 
Finally the code words after normalization are as shown in 
Table 5. The normalized probabilities at each reduction 
Stage were obtained by dividing each probability Dy E 
(normalization parameter) for this particular example. 

Table 4 and Table 5 emphasize that the same code words 
would be obtained either with or without normalization. The 
effect of normalizacion is only to decrease the 
probabilities at each reduction stage to a smaller number. 
But if the normalization parameter is a large number then 


the order of probabilities at reduction processes could be 


slightly different, resulting in slightly different code 
words. Clearly since the same code words are obtained there 
is no need to perform the work required for Ne 


normalization. 
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Symbol | Pro 
TTC |----- 
51 | 0.4 
32 0-2 
59 2 
54 7088 
55 | 90 
56 020 
> = 2 S= = = |----- 
|Ог1р1 
| 
Figure 1.9 
НЕ = = |-------- --- 
Symbol | PrOD 
ЕЕ 22 |----------- 
51 | 0.4(01) 
52 ОЕ) 
53 | 0.20000) 
54 ОКО О) 
55 221009) 
56 | PR 
ше = |>== аа 
| Final 
Split. 


Figure 1.10 


D| Prob 
b 
| 0.4 

(“29225 
i057 
0.2 
ДИ. о) 
| | 
--- | c — ы ы 
nal| First 
| Reduc. 


The Reduction Process when E 


.4(01) 
.25(10) 
Exc 
.2(000) 
ES 


| Fourth 
РЕВ 
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(8522 957 | ВІО ИДЕ ob 
Ji — EL 
| 0.45" | 30.6 | во 
(20 | P" 0.6 
P ШКО гт 
| 0722 | | 
| | | 
| | | 
i с Је R Lu 
зе села | Базата || Fourth 
| Reduc. | Reduc. | Reduc. 
ze. 152 
— — БОГ 
| шаба). ЇГ EOD М 1105 
Би. LL EL ae 
|1 0.45(00) 10.6(1) |. 22000: 
| /0.4(01) e E 6с 
БД | 
02 9 А | 
| | | 
| | | 
[ере = == а аи а = 
99 | Second | First 
Wes nos Џора те о 
zo 1:5; 


TABLE 4 
THE FINAL CODE WORDS WHEN E = 0.15 


SYMBOL CODE WORDS 
51 01 
52 141 
53 000 
54 001 
55 100 
56 101 
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"5170 = 3 чоцм ввеоолд чотдопред регтуешлом Sul TI lI елпата 


uorjonpey | uor3onpey | uor3onpey | uor3onpey | | 
'uioN Ччалпод | 'шлом рлтуј |'шлоџ рџоџов | “шлоц 35114 | :8тло| 
мэ лг Е Е ЕБЕ 
| | | | | | | DII 95 
Abb |------І------І------|------|------|------|------|-14----|------- 
| | | | | І (780701 15401 150240) GS 
247 - |------І------І|------|------|------|4-----І------|1-----іІ------- 
| | | ТСЕ 01 бт оит 0] со! 170! VES 
------ |------І------|------|4-----І------І|һ-----І------|р-----|------- 
| 11990701 С06701/681701 71220) %7/1701 ¿` 0 си ES 
E - |------І1-----І------|------І------|------І------|------|------- 
16:01 929:011016701 26620) 606201 896:0| /1070| 60701! си! as 
мн. Ес ЛЫ..з.. 447 2423 25-222: 4444440... 
69:01 927701 90%70і| 6901 /6Е701 019701 89701 9:0| 70! 15 
DR |------І------|------|------|------|------|------|------|------- 
"дола | | аола | | дола | | дола | | | 


“шлом | дола | шлом | дола | шлом |" чола | шлом |“ дола4 |: qora | точшА5 


51 |0.4(01) |1(0,348(01) 10.357(007” (0"20:188) 


S3 10720120 07 0.174(11) ]/[0.189(10)/$|0.264(01) 
S4 |0.1(001) 10.174(000) b. 
95 10705 (LOO О ов О о и | 
56 4. | | 
----|:--<--::-- Е шин. ЕС 
| Final | Feurth р га | Second 
| эрэр | рш. | Split. I о РИКИ 


10.630(0) 
52 10.2(117 On 2201) ЖДП 0 
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Ка рите 2 The Normalized Splitting Process (E 


ТАВЕЕТЭ 
THE NORMALIZED FINAL CODE WORDS TCCT ORE 


CODE WORDS 
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ПОС 1 0ТЕТСАТТОМ ОЁЕ НБЏЕЕМАМ CODING FOR A PARTICULAR ALPHABET 


и о MÀ RM —_ Б 


A. А PARTICULAR ALPHABET 

Huffman coding produces the code with the minimum 
average code length. Here we propose to find a practical 
modified variable length code for the Turkish alphabet to 
minimize the average code length and also minimize the 
variance using techniques involving the parameters 
introduced in the previous chapter. 

For the following two reasons the use of the Turkish 
alphabet was not possible: 


1. The exact probabilities of the Turkish alphabet are 
not known. 


2. Some of the letters in Turkish alphabet are not 
available on the keyboard. 

Therefore, it was determined to use the same alphabet, 
given in [Ref. 3]. This alphabet consists of 47 characters 
with common usage letters, numbers (0-9) and special symbols 
for the use of the on-line communication. 

Two Turkish magazine articles [Refs. 4,5] were used to 
obtain the approximate frequencies of occurences of symbols 
of the Turkish alphabet. A Fortran language program and 
Statistical Analysis System (SAS) package program [Ref. 6], 
was executed to determine the probabilities as was done in 
[Ref. 3]. These magazine articles, the Fortran language 
program and SAS program appear in Appendix A. 

Table 6 contains the data taken from the output of these 
programs. The characters with their probabilities in 


descending order are given in Table 7. 


DN 


TABLE 6 
SYMBOL CHARACTERISTICS OF THE PARTICULAR ALPHABET 


CUM PERCENT 


PERCENT 


CUM FREQ 


SYMBOL FREQUENCY 
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ОО-іс«1с-1 Ном 2... « • « « «= t t = • • ы Ж 
e o è è o unun O Oun OCIO Orest ooo eo gt unum oo AD DAA ADDN 
деца T Een ND DPI I 000000 0 OO OON OYOY OON OON T 
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о со 
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SYMBOL 


Space 
I 


о ј о о nd е пн оят о оо г с UNT m > 


Ы 


ша ложе N 


PROBABILITY 

07. 
- 10525 
.09427 
‚97252 
. 06611 
1060685 
.05163 
2:05 150 
.03984 
395 96.1 
03509 
"00213 
. 02945 
. 02682 
.02660 
-02135 
01055 
501632 
.01224 
. 01017 
.00989 
. 00872 
. 00687 
. 00581 
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TABLE 7 


SYMBOL PROBABILITIES 
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SYMBOL 
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асс, оеш: 


PROBABILITY 

0. 
"00126 
.00162 
.00134 
8501.17 
.00089 
.00084 
.00084 
20007 
00073 
.00067 
.00067 
.00061 
-00056 
.00045 
.00045 
‚00039 
. 00034 
.00028 
. 00017 
.00006 
. 00006 
. 00000 
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В. EXPERIMENTAL PARAMETER 
The three different parameters N, K, E introduced in the 
first chapter were investigated with this particu ls 
alphabet to obtain lower variance codes than the original 
Huffman code. Because of the size of alphabet the 
modification process was not performed manually. A program 
written in a List programming language (LISP) was used, to 
produce the encoding. The output of the program gives the 
code words with their average lengths and the corresponding 
variances. This program is given in Appendix B [Refs. 7,8]. 
This program was run employing these three parameters N, K 
and E. The original Huffman coding can be obtained for this 
particular alphabet as before by setting parameters N and E 
to 0 апа К ғо 1. According to the discussion in the ргеутове 
chapter the normalization process was not considered 
necessary. These parameters were tested separately in order 
to find which parameter gives the best codes when each is 
used independently. The following three basic steps were 
performed. 
Stepl. For parameter N, the рговтад was executed 3] times. 
N was selected as each integer value from O to 
While doing this the other two parameters, E and K, 
were fixed at 0 and at 1 respectively in order not 
Бодаввесв N. 
Step2. For parameter K the program was run 2072 times with 
K se . to a sequence of rational numbers from 
L2 0008 72/5 The average lengths and correspon s 
variances of the codes for each K were obtained. 
Tn this step par s N and E were each set to 
zero for testing only the parameter K. | 


Step3. For the parameter E the program was executed 22/3 


times with the values ranging from 0.0 to 0.3. The 
various values used yielded different codes with 
their mean times and variances. In order not 8 


affect E, the other two parameters, N and K was set 
to 0 and to 1, respectively, while running the LISP 


program. 
During the modification process app lied to this 
particular alphabet, average code lengths and variances of 


the encoding for different values of the parameters were 
obtained. As far as unique mean times and variances are 


concerned, 24, 62, 251 unlike codes were obtained by the 
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choices for the parameters N, K and E respectively. For some 
values of the parameters, the resulting mean times and 
variances of the encoding are the same. Since the combined 
symbols were positioned as high as they could go in the 
reduction processes, the same mean times and variances were 
obtained after some certain values of the parameters. For 
example, for this particular alphabet for N229, K2272.84 and 
E20.264, the same average code lengths and variances were 
obtained equal to 5.08843 and 0.08061 in each of the three 
different steps. 


The preceeding three steps also emphasize the fact that 


among all choices of the parameters, more codes are 
generated by using the third parameter E. Since this 
parameter E can be any real number, it can be adjusted so 


that the merged symbols do not move to higher positions in 
some of the reduction processes for some values of E but the 
merged symbols do move for some other values of E. On the 
other hand, by using some large values for N and K the 
merged symbols typically are brought to higher positions in 
the beginning of the reduction process. As more flexibility 
in the reduction processes iS possible by the choice of 


values for E, more codes can be obtained using the parameter 


E, Since the merged symbols do not always move to higher 
locations. 
The different average lengths and variances, of the 


modified Huffman codes obtained with different parameter 
values of N, K, and E values are given in Tables 8, 9 and 10 
respectively. The average length and variance obtained by 
Setting N and E equal to 0, and K equal to 1, corresponds to 
the original Huffman code for this particular alphabet. The 
different values of the parameters given in these tables 


represent the minimum values for the given parameter which 


result in a given mean time and variance. For instance, all 
the codes using E = 0.00011 up to E = 0.00033 have the same 
average length and variance thus E = 0.00011 appears іп 
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Table 10. То be able to determine а good experimental 
parameter, graphs which contain mean times on the horizontal 
axis and variances on the vertical axis were plotted for 
each parameter, separately. These graphs are shown in 
Figure 2.1, 2222 11072707 The second and the third columns 
of Tables 8, 9 and 10 were used for the data in these 
figures. When these three graphs are compared with each 
other, the minimum variances for the corresponding average 
code lengths (dashed lines) were found for the codes due to 


the parameters N, K and E. 


C. ASSIGNMENT OF THE CODES FOR THE PARAMETER E 

According to the discussion in the previous Section E 
was chosen aS a more robust parameter than the parameters N 
and K for modifying Huffman coding system, for the following 
two reasons. 

1. E provides more unique codes than N and К. 
2. E gives a lower bound as good as N and Кк оп a mean 
time versus variance graph. 

After the robust parameter E has been determined, the 
experimental codes can be found using this parameter. To 
find the experimental codes, the graph, shown in Figure 2.3, 
was used. Each point in the graph represents а unique, 
modified variable length code. Тһе dashed line in the graph 
emphasizes the lower bound which met the minimum variance 
criteria. The boxes on this line were picked as the best 
experimental codes, for a given mean and variance. Table 11 
shows the respective mean times and variances of the 
experimental codes extracted from Figure 2.3. It can be also 
noticed that the other codes that do not appear in Table 11 
are those that appear above the dashed line. 

The codes in Table ll, are listed with their mean times 
in increasing order but their variances in decreasing order. 
Despite having the minimum average length, the Huffman code 
has the largest variance. On the other hand, code M has a 


variance close to zero but has the largest mean time. For 
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the given alphabet it is possible to obtain a variance of 


zero by using a block code. А block code gives an average 


length of 6 with zero variance. Finally the code words 
belonging to the various codes in Table ll, are given in 
Table 12. 


We graph in Figure 2.4 only the experimental codes from 
Table 11, that have minimum variance for a given mean time. 
The extreme points, the Huffman code (code А) and the block 
code, also appear in this figure. This figure emphasizes 
that a small increase in average length can cause a large 
reduction in variance. 

When the Huffman code is utilized as the reference for 
computing the increments in average lengths and the 
decrements in variances of these modified codes, the gain in 
variance versus the loss in mean time can be plotted аз а 
difference from the reference Huffman code. This graph ris 
given in Figure 2.5. The data for this figure appears in 
Table 13. The line segments between code M and the block 
code and усеп Huffman code and code B are almost parallel 
to the horizontal and vertical axes respectively. These 
parallel segments in Figure 2.5 show that, а little gain in 
one variable can result in a significant loss in the other 
variable. The last two columns in Table 13 give the relative 


gain and loss between adjacent experimental codes. 
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TABLE 8 
MEAN TIMES AND VARIANCES OBTAINED BY USING N 


N MEAN TIME (L) VARIANCE (V) 
0 О ш. 1.918285 
1 4.31277 NA TA. 
2 4.31439 1.457369 
3 4.31940 1. 344468 
6 4.35005 1.221395 
5 4.35935 0.939958 
h ӨСІНЕ 0.937497 
7 4.36270 1.019089 
9 4.43946 0.590445 
8 4.45705 0.529595 
11 4.49867 0.501278 
13 4.54577 0.472005 
12 4.54593 0.472490 
15 4.59967 0.433505 
16 4.60637 0, 434446 
14 4.64103 09366399 
17 4.68298 0.421418 
19 д расте 0.292163 
21 4.86950 0.331630 
20 4.93958 0.204529 
26 20075355 0.220695 
25 2 (05011 0.057077 
28 5.07212 0.067039 
29 5.08843 0.080610 
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TABLE 9 
MEAN TIMES AND VARIANCES OBTAINED BY USING K 


VARIANCE (V) 


= = = = = = = = 
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TABLE 9 
MEAN TIMES AND VARIANCES OBTAINED BY USING K (cont'd.) 
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K MEAN TIME (L) VARIANCE (V) 
7.48 Е ОТ 0.340340 
9.76 4.79901 0.25443 
97775 4.80643 0.258361 
7.59 2201-0772 0.260114 
1872 4.89612 0.164169 
9.95 4.90165 0.168137 
12220121 4.90193 0.169472 
9.29 4.90242 0.169338 
13.006 4.90309 0.171 
122882 4.90980 0.175424 
10.39 4.91852 0.18559 
15.96 5.02760 0.038182 
14.84 5890232 T 0.035494 
12 2/9 503300 0.038178 
ТӨРІ 507112 0.042269. 
14.58 508151 0.043287 
13125 505056 0.049824 
19.0 5.06011 0.057077 
531222 5307212 0.067039 
21121150 5.08843 0.080610 


TABLE 10 
MEAN TIMES AND VARIANCES OBTAINED BY USING E 


VARIANCE (V) 


MEAN TIME (L) 


E 
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TABLE 10 


MEAN TIMES AND VARIANCES OBTAINED BY USING E (cont'd.) 


VARIANCE (V) 


MEAN TIME (L) 
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TABLE 10 


MEAN TIMES AND VARIANCES OBTAINED BY USING E (cont d.) 


VARIANCE (V) 


MEAN TIME (L) 
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TABLE 10 


MEAN TIMES AND VARIANCES OBTAINED BY USING E (сое Ма" 


VARIANCE (V) 


MEAN TIME (L) 


E 
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TABLE 10 


MEAN TIMES AND VARIANCES OBTAINED BY USING E (cont'd.) 


VARIANCE (V) 


MEAN TIME (L) 
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TABLE 11 
MEAN TIMES AND VARIANCES OF THE EXPERIMENTAL CODES 


CODE NAME MEAN TIME VARIANCE 


212255 
222222 
2392526 
.943632 
¿980996 
.541571 
-509327 
.484761 
.406448 
-3609150 
ЗИ 1. 
.168143 
.043287 


A (HUFFMAN CODE) 
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TABLE 12 
MODIFIED HUFFMAN CODES 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
space 010 F 10010011 
І 101 0 100100100 
А ПА š 100101101 
Е 0001 1 0000011100 
N 0110 и 0000011101 
R 1000 2 1001001011 
U 1100 ) 1001011001 
L Uon 5 1001011000 
S 00100 3 1001011110 
K 00101 8 1001011101 
D 00111 ( ООО Fi 
T 01110 4 00000111010 
M 01111 00000111011 
у TOOM 9 00000111101 
0 000000 3 10010010101 
G 000010 6 10010010100 
B 001100 W 10010111000 
С 001101 10010111001 
| 0000010 7 000001111001 
0000110 : 0000011110000 
7 0000111 2 00000111100011 
V 1001000 X 000001111000100 
P 1001010 Q 000001111000101 
H 00000110 


CODE NAME : А 
(HUFFMAN CODE) 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 

space ONSE F 11001000 
n 101 0 11001001 
А iri | 000101101 
Е 0010 1 000101110 
N 0101 " 000101111 
R 1000 2 000010000 
U 1101 000010001 
L 00000 5 0001010100 
S 00011 3 0001010110 
K 00111 8 0001010101 
D 01000 ( 0001010111 
T 01001 4 0001011000 
M 10010 : 0000011001 
Y | 10011 9 00010100010 
0 11000 5 00010100011 
G 000100 6 00010100100 
B 001100 W 00010100110 
С 001101 : 00010100101 
| 110011 7 00010100111 

0000101 - 000101000000 

2 0000110 2 000101000001 
V 0000111 X 000101000010 
P 1100101 Q 000101000011 
H 00001001 


CODE NAME : B 
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TABLE 12 
MODIFIED HUÜFEMANUVGODESA COMIS 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
space 010 F 01111110 
р 101 0 011111000 
А 0000 | 011111001 
Е 0001 1 011111010 
N 0110 4 01.11 45 уран 
R 1000 2 111110100 
U 1101 ) 1111101 
L 1110 5 11117 9 ӨМ 
5 00100 3 1111101: 
K 00110 8 1100101010 
р 00111 ( 1100101100 
Т 01110 4 1100101011 
М 10010 : 1100101101 
E TOGT 9 110010 110 
O 11000 | 1100101111 
С 11110 6 0111111100 
B ООЛО М ОТТІ ШЕ 
С ОО 011111Я449 
: 110011 7 ОЛЫ 
ПЕЛЕ = 11001010000 
Z 0010100 ? 11001010010 
V 0010101 Х 11001010001 
E 1100100 О 11001010011 
Н 1 21221910) 


CODE NAME : C 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
space 010 F Galera T 
ПІ 0000 0 11011000 
А 0001 | 11011001 
Е 0011 1 11011010 
N 1010 i 11011100 
R 1100 2 11011011 
U 1110 ) 1101116 
L 11111 5 т 
5 01110 3 j 1. 
K 10000 8 011110110 
D 00100 ( 011110111 
Ж 00101 4 0111100000 
М 11010 0111100001 
у 10010 9 0111100010 
0 10011 2 0111100100 
С 10110 6 ОООО. 
В ШИВ Ч 0111100101 
С 011000 0111100110 
011001 7 0111100111 
011010 : 0111101000 
7 011011 2 0111101010 
V 100010 X 0111101001 
P 100011 Q 0111101011 
H 0111110 


CODE NAME : D 
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SYMBOL 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


CODE WORDS 


11101 

001010 
OD EON 
110000 
110001 
0010010 


46 


SYMBOL CODE WORDS 

F 0010011 

0 00100000 

j 00100001 

It 00100010 

š 00100011 
001110000 
ОО Тоо 
001110900 
001110100 
001110011 
0011ТО 
OOTLIO LG: 
001111099 
Ото 
00111108} 
001111010 
0011110 
ОО 
7 ООВ 
= 0011111000 
? 0011111040 
X ООТІТТ 
0 OO TII Ши 


I~ — СОО (9 (Лл wy N 


= O G о se 


CODE NAMEN Е 


ТАББЕЯ 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
space 0001 F 0010011 
I 0110 0 1001100 
А 1000 i 1001101 
Е 1011 1 1001110 
М 1100 " 1001111 
К 1101 2 10010100 
U 1110 ) 10010110 
L 1111 Э 10010101 
$ 00111 3 10010111 
К 00000 8 00100000 
р 00001 ( 00100001 
Т 01000 & 00100010 
М 01001 : 00100011 
y 01010 9 100100010 
O 01011 J 100100011 
G 01110 6 100100100 
B 01111 М 100100101 
С 10100 : 100100110 
s 10101 7 100100111 
001010 - 1001000000 
2 001011 ? 1001000010 
ү 001100 Х 1001000001 
Р 001101 0 1001000011 
Н 0010010 


CODE NAME : F 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


CODE WORDS 


ӨЛІМІН: 

101000 
149) 1:0/1 00 
010100 
O TOTOR 
010110 


48 


SYMBOL 


ФУ - ОО (9 Wm мхи м 


= ду С, ко»: 


CODE WORDS 


ОТОЛЕ 
10010110 
100120 48 
10011000 
10011001 
10078 
10011100 
10011011 
ТОО ТТ) 
01110 
LOOT Tiss 
100100000 
100100001 
100100010 
100100100 
100100011 
100100101 
100100110 
100 LOO mR 
100101000 
100101010 
100101001 
100o TONE 


CODE NAME : G 


TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 

Space 0000 F 001101 
I 0111 0 0001000 
А 1001 | 0001001 
Е 1010 1 0001010 
N 1101 " 0001011 
R 1110 2 1011110 
U Ши 1 122201 
L 00101 5 10110100 
S 00111 3 10110110 
K 01000 8 10110101 
D 01001 ( 10111000 
Т 01010 10110111 
M 01011 : 10111010 
Y | 00110 9 10111001 
0 01101 2 10111011 
С 10000 6 101100000 
В 10001 W 101100010 
C 11000 : 101100001 
| 11001 7 101100011 

000110 а 101100100 

2 000111 2 101100101 
V 001000 X 101100110 
P 001001 Q 101100111 
H 001100 


CODE NAME : H 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
Space 1000 F 001101 
T 1011 0 OQ INED 
А 1101 | 001111 
Е 1110 | 1001100 
М 1111 ú Той 
R 00000 2 1001110 
U 00001 ) LOGT ей 
L 00010 5 0010000 
S 00011 3 0010010 
K 01000 8 0010001 
D 01001 ( 0010011 
Т 01010 & 10010100 
М ОТО : 10010110 
ү 01100 9 100 LOTOR 
O Od 0 g LOG TOTUM 
G OT NO 6 100100000 
B OT ME W 100100010 
(5 10100 : 100100001 
; э 7 lOO TOO 
J T000 - 100100100 
2 17 02 ? 100100101 
ү 001010 Х 100100010 
Б 001011 Q 1001001109 
Н 001100 


CODE NAME : I 
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TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 

space 0101 F 011011 
І 1010 0 000000 
À 1100 | 000001 
Е 1110 1 1011100 
М 00001 М JO011101 
R 00010 2 1011110 
U 00011 ) ШӨЛІНЕН 
L 00100 5 1101000 
S 00101 3 1101001 
К 00110 8 1101010 
р 00111 ( 1101100 
T 01000 4 ]101011 
М 01001 5 1101110 
ү 01110 9 ТОШТО 
О ОТТ J 1101111 
G 10000 6 10110000 
B 10001 W 10110001 
C 10010 10110010 
: 10011 7 10110100 

1114 0 = 10110011 

7 ІНЕ); 2 120712 RRO: 
ү 011000 Х 101269 
Р 011001 0 TOTO dela: 
H 011010 


CODE NAME : J 


Su 


TABLE 12 
MODIFIED HUFFMAN CODES (conta) 


SYMBOL CODE WORDS SYMBOL CODE WORDS 
space TORSTI F 000001 
I 1100 0 000010 
А 1101 ' 000011 
E 00010 IL LITOTOG 
N 00011 в 1110101 
R 00100 2 1110110 
U 00101 ) ТОЛ 
L 00110 5 1111000 
5 00111 3 ТЭЛЭЭ Ши 
К 01000 8 ТОО 
D 01001 ( 1111011 
т 01010 4 1111100 
М 01011 1111110 
d 01100 9 ITI 
O 01101 J ТЕ 
С 811.1 158 6 11100000 
B ОЛИ М 1110000 
С 10000 11100001 
: 10001 7 ТІРІ 
10010 - 11100100 
2 10011 2 11 ЛООДО 
ү 10100 Х 1110010101 
P ШОШ as Q 11100118 
В 000000 


CODE NAME : K 


Э? 


SYMBOL 


а QUO rd XS ма Ом сл г Gen 2 m > 


мм 


шог! 


TABLE 12 
MODIFIED HUFFMAN CODES (cont'd.) 


CODE WORDS 


ч, чь ur um uw ee 


010000 


23 


SYMBOL ^ CODE WORDS 
F 010010 
0 010001 
| 010011 
1 010100 
" 010110 
2 010101 
) 010111 
5 0010000 
3 0010001 
8 0010010 
( 0010011 
4 0010100 
| 0010101 
9 0010110 
2 0010111 
6 0011000 
W 0011001 

0011010 
7 0011011 
: 0011100 
? 0011110 
X 0011101 
Q 0011111 
CODE NAME : L 


TABLE 12 
MODIFIED HUFFMAN CODES (cont'd. ) 
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SYMBOL CODE WORDS SYMBOL CODE WORDS 
space 00011 000011 
I 00100 0 100000 
А 00101 | 100001 
Е 01010 1 100010 
М 01011 i 100011 
R 01100 2 100100 
U 01101 ) 100110 
L 01110 5 100101 
S ОШ 3 100111 
K 10100 8 010000 
D 10101 ( 010001 
Jt 10110 4 010010 
М ТОК! ; 010011 
Y 11000 9 000100 
О 11001 E: 000101 
С 11010 6 0011000 
В 11011 W 0011010 
C 11100 0011001 
| 11101 7 0011011 
J 1 PIO : 0011100 
Z lobt ? 0011110 
V 000000 X 0011101 
P 000001 Q 0011111 
H 000010 


CODE NAME : M 


ТАВҺЕ 13 
GAIN AND LOSS OF THE EXPERIMENTAL CODES 


CODE GAIN IN LOSS IN RELATIVE GAIN  RELATIVE 1055 
VARIANCE MEAN TIME IN VARIANCE IN MEAN TIME 
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III. REDUCTION IN BANDWIDTH 


А. BACKGROUND ON QUEUEING THEORY 

А5 far as on-line communication 15 concerned» 
information сап Бе sent through the channel either by 
storing it on a device such as a tape and forwarding it 
later, or by transmitting it immediately. 

The flow through the communication channel is defined by 
an arrival pattern of messages which come to the channel to 
be communicated during a certain interval of time. In order 
to be able to satisfy the demands placed on the network, the 
channel capacity of the channel should be sufficient to 
handle the average rate of flow. For a single server 
(channel) the relationship between the input and output rate 
is defined as RsC [Ref. 9], where R represents the average 
arrival rate of the source symbols to the system (input 
rate) and C stands for the capacity of a communica c m 
processor (transmission rate) for handling thet a PRE 

The input rate can be made equal to the output rate 
(R=C) only when a steady flow occurs. Steady flow means, 
that -after encoding the source letters as a block code so 
that the same number of digits belong to each symbol, the 
Symbols that arrive at the processor at each unit time, are 
accepted, by the channel at the same rate that they arrive. 
In this way there is no need to have a waiting line or 


buffer since at each unit of time the arriving digits Mm rs 


1) can be sent immediately over the channel. On the other 
Папа, when fluctuations or unsteady flows exist in the 
channel, even with R<C condition, a waiting line can В 


up and the processor must put the excess digits in a 
buffering device. These excess digits, stored in the buffer, 
are later forwarded on a first in first out (FIFO) "bass m: 
accomplish the transmission. If the buffer becomes full, the 


arriving digits will be lost and overflow occurs. Theret omei 


58 


the size of the buffer selected in order to prevent 
overflow, should be large enough to enable transmission of 
the entire messages through the single channel. Overflow 
also will occur when R>C. The waiting line grows without 


bound and the system overflows. 


B. TRANSMISSION OF FINITE LENGTH MESSAGES 

As was explained in the previous chapters, both the 
Huffman code itself and the modified Huffman codes are 
variable length codes. During transmission of a coded 
message, which is written by using the particular alphabet 
Even іп Table 6, the system forms an unsteady flow into the 
communication network. This occurs since encoded letters 
generally consist of different lengths of digits. Therefore, 
according to the discussion in the previous section about 
queueing theory, it is obvious that we will require a finite 
length buffer when а finite length message 15 transmitted. 
This is true no matter which of the codes of Table 11 аге 
used. In Table ll the mean times for each code actually 
represents the average input rates. 

As a first step, the first 100 characters of the first 
magazine article given in Appendix A, were transmitted at 
different input and output rates in order to obServe the 
variations of the maximum number of digits appearing in the 
buffer. To simulate the transmission, a computer program in 
the Fortran programming language was used. This Fortran 
language program which was written by the author, appears in 
Appendix C. The results of the simulation are shown in 
Table 14. 

The first column of Table 14 stands for the input rates 
of the experimental codes from À to M. The block code was 
also included in these codes for comparison purposes. To be 
able to transmit a message using this particuiar alphabet, 
with the block code, each letter will consist of 6 digits as 
mentioned before and the output rate should also Бе а 


minimum of 6 bits per unit time, in order to handle the 


229 


TABLE 14 
MAXIMUM BUFFERS WITH VARIOUS INPUT AND OUTPUT RATES 


28,22 25% 202 152 105 55 BLOCK 
OUT.RATES 34 3607 7 НЭЭ 4.8 2201 5.4 5.05! 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
55 
6. 


с> С) үл ү | = (оу о (Ох 





traffic without an overflow. Hence, whenever a coded symbol 
arrives with 6 bits per unit time at the processor, it will 
be accepted at the same rate by the channel and there will 
Бе no need for a buffer. For this reason, 6 Dits per ни: 
time both for the input and output rate was chosen аз а 
basis for comparison of performance. 

To show how much can be saved in the channel capacity by 
using variable length codes instead of block codes, the 
selected output rates of 5.7, 5.4, 5.1, 4.8, 4.5 and 4.30771 
(Huffman code rate) bits per unit time are used, which are 
in fact 54, 10%, 15%, 20%, 254 and 28.2% less than eee 
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code output rate, respectively. Ве higher than 28.27 
was not considered according to the R and C relationship. No 
code can have a lower rate than the Huffman code. Then, for 
each input rate belonging to one of the experimental codes, 
the maximum sizes of the buffers were given for the 
corresponding 7 different output rates. As shown in Table 
14, for the input and output rate of 6 bits per unit time 
for the block code, the maximum buffer size is 0. 

Figure 3.1 illustrates various curves for the maximum 


buffer lengths versus the different input rates for the 


experimental codes. The output rate was kept the same for 
all of these input rates. Table 14 was used as the data for 
these curves. This figure clearly displays that there is a 


drop in the buffer lengths when the output rate approaches 6 
bits per unit time for each unique code from A to M and also 
for the block code. 

Three different codes, the Huffman code, block code, and 
code F were chosen by the author to observe the effects of 
variance 1 buffer lengths. The number of digits in the 
buffer for each symbol in the 100 character message was 
obtained by running the same program given in Appendix C. 
The results are shown in Table 15. The output rate for these 
three different codes was selected to be the same, equal to 
6 bits per unit time. 

The curves shown in Figure 3.2 were plotted by using the 
data given in Table 15. The horizontal axis contains each 
character from 1 to 100. The corresponding buffer lengths 
are placed in the vertical axis. Figure 3.2 illustrates 
that the change of the buffer sizes and the required maximum 
buffer lengths for the Huffman code is much larger than the 
other two coding schemes due to the Huffman code's large 
variance. On the other hand, code F has a variance between 
the Huffman code and the block code. Therefore, the 
variability of the buffer lengths is less than that of the 
Huffman code, but it is more than that of the block code. 
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The dashed line represents the curve for code Е. The block 
code needs no buffer with this chosen output rater 
Therefore, the plot belonging to the block code is a 
straight line. For convenience, to distinguish the plots 
from each other, they were moved to their input rates level. 
Then, for example, when the Huffman code needs to have a 
buffer length of І ас еле 2156 спавасве не its curve jumps 
from 4.30771 to 5.30771 and whenever there is no need for a 


buffer the curve гетаїпс ле a DEMNM I 


C. TRANSMISSION OF THE EONG MESSAGES 

The use of the smaller capacity than the block code 
output rate causes a reduction in the bandwidth demands. As 
far as base performance is concerned, a 255 reductionsam 
Capacity means also a 25% saving in the bandwidth. Note in 
Table 14, a saving of 28.25, greater than the 254 savings, 
is discussed. The Huffman code rate of 4.30771 which gives 
28.2% reduction requires larger buffers. Except for the 
Huffman code, since it was used to send more than this rate 
can handle, the buffer sizes required continue to grow as 
the length of the messages increase. For this reason the 
bandwidth which saves 257 was determined as a best output 
rate (4.5 bits per unit time). The different buffer lengths 
for different lengths of messages are given in Table 16. The 
message lengths were arbitrarily selected by the author to 
also include the entire two magazine articles. The output 
rate was held fixed at 4.5 bits per unit time and the buffer 
lengths required were obtained by using the program in 
Appendix C. Table 16 shows the fact that when the input 
rates become larger than the output rate, the buffer sizes 


increase with longer messages. 
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TABLE 15 
OBSERVED BUFFER LENGTHS FOR ТНЕ ЕТК5Т 2 002012122 00. 


CODE F 


BLOCK CODE 


HUFFMAN CODE 


BUFFER LENGTHS 


CHARACTERS 
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TABLE 15 
BUFFER LENGTHS FOR THE FIRST 100 CHARACTERS 


OBSERVED, 
(cont'd) 


BLOCK CODE CODE F 


CODE 


HUFFMAN 


BUFEER LENGTHS 
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ТАВГЕ 16 
MAXIMUM BUFFERS FOR DIFFERENT MESSAGE LENGTHS 


5000 10000 12000 15000 ENTIRE 


ARTICLES 
MAXIMUM  BUFFER  LENGTHS 
(Huffman) 35 49 63 63 


NUMBER OF 
CHARACTERS 


(code 
(code 
(code 
(code 
(code 
(code 
(code 
(code 
(code 
(code 


(соде 


В) 
С) 
D) 
E) 
E 
G) 
H) 
I) 
J) 
K) 
L) 


27 
245) 
22 
23 
20 
28 
22 
2111) 
644 
299 
1964 
240550) 


44 
43 
34 
36 
22 
77 
23 
723 
138 
2063 
3976 
5417 


56 
47 
41 
43 
59 
ІШЕ 
122 
856 
1643 
2448 
4765 
6486 


56 
&7 
41 
43 
59 
117 
150 
2. 
2 1252 
3087 
2271 
8120 


LLZ 

150 

1376 
2467 
3581 
7010 
25506 


(code M) 
(Block) 7500 
OUTPUT RATE 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
5. 
6. 


15000 18000 22500 
SUED IDPSEPERGUNIT TIME 


26480 





From code F to the block code the maximum buffer lengths 


increase proportionally by increasing the message length. 
During the transmission of the two magazine articles a graph 
of the buffer 


ШИйтсіггагесй іп Figure 3.3. 


maximum length versus the mean time is 
The last column of Table 16 used 
Figure 3.3 illustrates that code 
buffer 


Although the Huffman code produces the 


as the data in this graph. 


D requires the minimum size among all of the 


experimental codes. 
minimum average length code, because of its large variance, 
it causes more the transmission than 


code D. 


delay at some part of 
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D. COMPARISON WITH THEORY 

To be able to compare the experimental results with the 
theoretical results, the upper bound equation for the 
average wait was used [Ref. 10: page 49]. 


The maximum buffer length is given as 


[VAR(I)] * (1/m)[VAR(O)] * [(m-1)/m*](1/C)* 
------------------------------------------ » MAX.BUF.LENGTH 
(2/R) [1-(R/mC)] 


where; 
VAR(I) = Variance of the Input Rate 


VAR(O) = Variance of the Output Rate 


m = Number of Servers 

R = Input Rate 

C = Output Rate 

Since there is only one channel, by setting 1-1 the above 


equation becomes 


[VAR(I)] + [УАК(О)] 
--------------------- > MAX BUFFER LENGTH 
(ак RIE] 


The resulting maximum buffer lengths obtained by using 
this equation, are given in Table 17. Figure 3.4 graphs the 
upper bounds of the maximum buffer lengths versus mean times 
which were obtained from Table 17. Once again code D 
requires the smallest buffer size. The shape of the curves 
given in Figure 3.3 and in Figure 3.4 are almost the same. 
These two figures emphasize how well the experimental 


mesults match the theoretical results. 
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TABLE 17 
UPPER BOUNDS OF THE MAXIMUM BUFFER LENGTHS 


INPUT RATES MAXIMUM BUFFER LENGTHS 


C) 

D) 

E) 

F) 117 

с) 293 

H) 641 

OUTPUT RATE : 4.5 BITS PER UNIT TIME 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
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E. OVERFLOW DURING TRANSMISSION 

In this section we describe the number of overflows 
obtained uSing different buffer sizes. To find the number of 
overflows, a Fortran computer program was used. This Fortran 
language program which was also written by the author is 
given in Appendix D. This program runs with different given 


buffer lengths ranging from zero to a size which causes no 


overflow and for different lengths of messages. The results 
are shown in Table 18. During transmission the input rate 
chosen was the best code, determined in the previous 


Section, (code D) and the output rate was kept at 4.5 bits 
per unit time. A graph of the buffer size versus the number 
of overflows is displayed in Figure 3.5 when both of the 
magazine articles were transmitted. It can be observed from 


Figure 3.5 that the provision of the larger Duffer Siom 


results ina reduction of the number of overflows. In 
addition, when the given buffer length is 41, overflows do 
not occur. As stated in the previous section, during 


Cram ORE of the two magazine articles with the same 
input and output rate used, the required maximum buffer 
length found was also 41 bits. 

Table 19 shows the number of overflows for different 
numbers of characters when some arbitrarily chosen buffer 
lengths were used. Plotting this data given in Table 19, 
four different curves appear in Figure 3.6. This figure 
emphasizes that by increasing the given buffer length, the 
slopes of the curves approach zero. Finally after a сетш 
value of the provided buffer size (41 bits), the number of 
overflows is zero for all different lengths of messages. The 
curve which belongs to the buffer of length 41 becomes 


parallel to the horizontal ami 


7.2 


ЕМТІКЕ 
ARTICLES 


15000 


12000 


NUMBER OF CHARACTERS 


TABLE 18 
NUMBER OF OVERFLOWS 
10000 


5000 


LENGTHS 


ОО 

чоУулсэсосмчсо суга СОСО 

О СО РОО О ИЗОМОО СМО СОГ~ АОО ОАМО МО ИС О ићи сео 

А Се ђИил С2ИСОО ИЗССООО ГА МОЈЈ со СМоСОо СО А ОМ О СОЗ ам] со 
РМ ОСОМ С ЈСО = пала о пе оо МО ИМ ОСС Сон оо МОД СОЈ РА НО 


о 

оос Момо МОС сМ буусу 3 

ггг ее осо гиг соо гаги 

Отис ОМУ ССООО ИМЕ СО РОДУ МО МОСО СМО СО ОМ А СОО Ас) О гс со 
Аоф) СУСС 444-400 МОМ У СОСОС С ігі ООО | Со СС РО 


с ооо осо Г-ОО 

мо ОСОМ онамо А о о НО со О Осчилилео 

OO) IP 0 7-000 «d 007 CO CO Ped ЧОХООО ОМГ О] МОЛО АТК со 
ГСС С А он на н–амоо пили СОСОСОСМ СС-А на на амоо ~ МО СО НО 


COD ODOT COO 

SWAWOODOOWOMANDQRMSAN — 

Sr. OAFADUOMMFADONMNODNANO NRA н ар От < 

чосөсчісчігігігігігіоо ИМ СО С 4 п=оО УМЕО СС-А чч ома УСОСОООО О OC OO 


COON] 

илетићим | МО МО ОСОМ МО СМ 

ОМ СО О де - мо смео ЧУ СО тос) 

СРОО МО ИЗСОСО С С РА Ре 4 ооо" счгусопочсососососососососчоосо 


~ 


СОВАСО ил ого сес ИМО ГАООДУСО А СС NDOKO DON 
СОВАСЈО О ИМОГОО ДУ А А 4444 счечсчечсечечечечесчечсосососососососососо «xr 


4.5 


КАТЕ 


OUTPUT 


4506112 
ИЗ 


INPUT RATE 


'suadue] 1959gjng u29AT9 Q3T4 SMo[ji9AQ JO ләдшау 


ОЛ Ш МАТ- СИ 
oo = O° 5680 076 


р = — ре". Жа тасады — E Ex == 


= 


075% 0° OF 


= at % ubi. 
с 
—— 





0751 NI 


G'E элиЗта 


prs g 


2) 


(7) 


е 
СЭ 


Oe 


Р 


079 


073 


0701 


5М014440 40 УЗВАПМ 


“и 


(~ 


ВЕБ 9 
OVERFLOWS WITH DIFFERENT MESSAGE LENGTHS 


PROVIDED BUFFER LENGTHS 


MESSAGE LENGTHS 


2958 
5047 DOS 14 
6478 251 84 
78725 1194 394 
10149 1844 563 
ENTIRE 
ARTICLES 11948 2087 620 


НА ПОД : 4.36112 BITS PER UNIT TIME 
U (S TE 4.5 BITS PER UNIT. TIME 
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БОО PROBLEM 

We considered forwarding information either from here to 
there (transmission) or from now to then (Storage). We 
Started with a source of information (symbols) and encoded 
it in a fashion such as discussed in the previous chapters. 
The information was then sent through a channel. Next the 
message will be decoded and finally the recovered message 
will be transmitted to its destination. The problems then 
are: How can the variable length codes be decoded at the 
receiver? What is the performance difference between 


decoding a block code and variable length code? 


B. SOLUTION 

The first property that is needed for decoding is unique 
decodability. This means that the received message has to 
have an жа ыс description. The Second property that is 
needed is instantaneous  decodability. А5 an example of 
instantaneous  decodeable codes consider an alphabet with 
five letters and their corresponding code words. See (Table 
20). 

The receiver establishes a decision tree in order Ко 
decode a message using this code  [Ref. 1: page 53]. 
Бо with the first decision point (initial state), the 
first binary digit arriving at the decoder causes a branch, 
either to a terminal state Sl if the received digit is 0, or 
ра а second decision point if it isa 1. ТЕ the second 
binary digit received is 0, the second branch goes to the 
terminal state 52. ТЕ the second digit is a l, then the 
second branch goes to the third decision point. This 
continues until the fourth digit reaches the receiver. Іп 
this case the fourth decision point goes to the terminal 


Beate o¢ if that digit is a 0, апа to the terminal state S5 
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TABLE 20 
EXAMPLE FOR INSTANTANEOUSLY DECODABLE CODES 


CODE WORDS 





]fanpens a l When a terminal node is reached, the process 
begins again at the initial decision point. Each отго 8 
received message is examined only once. Therefore, the 
decoding in this example is instantaneous since, when a 


complete encoded symbol is received, the decoder knows which 
symbol was transmitted. In an instantaneous code, no code 
word can be a prefix of another code word. Alternatively, 


for those codes, which have some code words as the beginning 


part of some other code words, the receiver is not able to 
identify immediately which code word is received. In this 
case the codes can be uniquely decoded, but they are not 


instantaneous. One of the possible way to decode the symbols 
in a uniquely decodeable but not instantaneous code is to 
begin to decode from the back end of the received message. 

À necessary and sufficient condition for the existence 
of an instantaneous code is given by the Kraft inequality 
[КеЁ. 1: раре 57]. It was observed that the coding systems 
given in Table 10 agreed with this inequality, when they 
were tested. These variable length codes can be decoded by 
using a finite automaton (decision tree) algorithm, since 


they are instantaneously decodable codes. 
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ТЫ БЕСЕСДІЕМЕНЕС5Ә 

uc Шер сісіпітсіпсе ОЕ channel capacity is „155 
relationship with the bandwidth. We showed that there will 
be no need for a buffer when transmission is accomplished 
consisting of 6 bits per unit. time both for the input and 
output rate. According to the theoretical results, if the 
channel bandwidth was decreased to 4.5 bits per unit time, 
(giving a saving of 25% in the bandwidth) there will be а 
necessity to have a finite length buffer during transmission 
of an infinite length message. This means that the 
transmitted message can be decoded at the receiver 
completely after a delay time equal to the time required to 
empty the buffer. Evidently, there will be a time delay to 
recover variable length coded messages, since the excess 
digits should be put in a buffer. 

As far as the base performance 1S concerned, it can be 
assumed that only l unit of the channel is used. On the 
other hand, when experimental codes from A to M, (given in 
Table 12) were sent, only 0.75 unit of this channel was 
used, but now an extra buffer was required. Code D, which 
requires the minimum buffer among all other coding systems, 
was selected for that reason to compare with the Базе 
performance. Using the code D the required buffer length is 
67 for the transmission of an infinite length message, but 
is only 41 when the articles given in Appendix А were 
transmitted. In the worst case it takes only 67 unit time 
delay to decode an infinite length message with code D. 
Bear in mind that in real applications, a message can not 
be infinite. Therefore, the time delay to decode the 
variable length coded messages is shorter than the delay to 
decode an infinite one. 

Although it seems that the decoding of a variable length 
code is not as effective as the block code decoding when the 
time delay is considered, there are some advantages to using 


a variable length code over block coding. First, to evade 


Э 


the discrimination of the transmitted message by ап 
unintended recipient, the variable length code becomes more 
difficult to decrypt than che Drock ее ея Second, there is 
only so much bandwidth іп the spectrum of available 
frequencies that passes through the earth's atmosphere, and 
already much of it is assigned to various uses. Therefore, 
the proposition of saving even 257 from the bandwidth can be 
observed as a valid estimated performance criteria. 

Accordingly, these two important properties of the 
variable length codes carry an important role for military 
applications. However, the defect for that use is the time 
delay during the decoding of the received messages. Imma 
critical case when transmitting an urgent short message the 
negative aspect of the time delay loses its importance, 
since the lengths of the buffer grow with the length of the 
messages. On the other hand, when longer messages are 
transmitted, considering both jamming avoidance and the time 
delay at the decoder, the bandwidth can be increased to 
higher rates to obtain smaller buffer lengths. 

Definition of some other parameters, which would cob ии 
better modified Huffman codes could result with a reduction 
of the lower bounds given in Figure 2.1, 2.2 and 2°23. | и 
with these coding systems, if done properly, more effective 


practical systems could be designed. 
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V. CONCLUSIONS 


The minimization of the average code length by using 
Huffman coding, produces a large variance, resulting in а 
large variable code, which in turn causes a need for large 
buffer size. It was shown that by losing a little “in the 
mean time, much can be acquired in the reduction of the 
variance. Thus, the size of the buffer can also be decreased 
with these lower variance codes. The manipulation of the 
modified Huffman codes (experimental codes) causes a gain in 
the bandwidth, when compared with the block encoding. But, 
this also results in larger buffers, which produces a time 
delay to recovery of the received messages. The size of the 
buffer can be decreased by increasing the transmission rate 
(bandwidth) of the experimental codes up to the output rate 
of the base performance. 

For the two reasons given in the beginning of Chapter 
II, the optimization of only average code length was not 
considered during the progress of this research. The 
probability distribution shown in the same chapter reflects 
the frequencies of the texts given in Appendix А. These 
frequencies can always be different by using various texts. 
Therefore, only the experimental results were included 
during the work. 

This research also indicates that optimization of a 
subsytem is sometimes less important than the optimization 
of the entire system. As a rule, total system performance 


can be degraded when only a particular aspect is concerned. 
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APPENDIX A 
THE TURKISH MAGAZINE ARTICLES AND PROGRAMS 


1. ІНЕ MAGAZDINSMATPDIGDES 


The first article titled "Strange Shapes of Modern 


Ships" is given below. 


ВТК ФЕКСІМІМ КЕ5З5АМІ, EN GUCLU VINCLERIN YAPAMADIGI ISI 
BASARARAK, 50.000 TONLUK BIR "OKYANUS DEVI"NI SUDAN CIKARDI 
VE BOYLECE, GEMININ BURNUNDAKI YUMRUBAS "BALB" ORTAYA CIKMIS 
ОТЕ GEMININ KIC TARAFINDA DA BAZI YENILIKLER  GOZE 
CARPIYORDU. BUNLARIN SIRRI ACABA NE OLABILIRDI?  OTOMOBIL 
YAPIMCILARININ YENI GELISTIRDIKLERI MODELLERI РЕМЕР КИНИ 
"RUZGAR TUNELLERI"NIN BIR BENZERI DENIZ  TEKNELERI UZERINDE 
CALISAN MESLEKTASCARI ТОМ БЕ СЕуСЕЕР 2 2 000. ONLARIN DA 
YENI TEKNE MODELLERI DENEDIKLERI "TEST HAVUZLARI" VAR. YENI 
GE LL ER ANCAK, BU HAVUZLARDA  YAPILAN DENEYLERIN  OLUMLU 
SONUCLAR  VERMESINDEN SONRA, INSA EDILMEK UZERE KIZAGA 
KONUYOR. BU ARADA, GEMI MUHENDISLERININ ТЕСТА KARA 
ARACLARI UZERINDE UGRAS VEREN MESLEKTASLARININ ISLERINDEN 
BIRAZ DAHA GUC. BU GUCLUK, DAHA MODEL ASAMASINDA BASLAR. 
РЕМЕУБЕКТ ҮАРТ АМ СЕМТ” эр Е ЇЇ ID YETERINCE BUYUR ОБРНИ 
ZAMAN, DENEYLERDEN ALINAN OLCUM SONUCLARI, ISTENILEDM 
VEREBILMEKTEDIR. GUCLUGU YARATAN IKINCI ETKEN DE, DUNYAMIZIN 
BM VE "HAVA" OLARAK BILINEN IKI ELAMANINDAN 
KAYNAKLANMAKTADIR. ВТК KARA TASITINDA, KAROSERI SADECE 
RUZGARA KARSI KOYMAK ZORUNDA OLMASINA KARSIN, BIR TEKNENIN 
HEM DALGAYA VE HEM DE, RUZGARA KARSI KOYMASI GERERIR. S38 E 
TARIHLERDE INSA EDILMIS GEMILERDE, BURUNLAR KESKINCEST iM Gas 
VE BOYLECE SUYUN DAHA AZ BIR DIRENIMLE YARILMASI SAGUANTROGs 
ANCAK, BU IS, ASLINDA HIC DE GORUNDUGU KADAR BASIT DEGILDIR. 
GEMI HESAPLARI, SUALTINDAN ATESLENEN BIR ROKETIN 
HESAPLARINDAN DAHA KARMASIK VE СО BIRAZ ONCE 
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БЕБЕБФІРЕМЕРГІ? СІБІ "ВІКШМСЕМІ; SU VE HAVA ORTAMINDA SEYREDER. 
BU NEDENLE DE, OZELLIKLE HAVANIN VE SUYUN BIRLESTIGI NOKTA, 
MUHENDISLER ІСІМ BIR  '"BILMECE"DIR. DENEY  HAVUZLARINDAN 
ALINAN SONUCLAR  OKYANUSLAR ICIN DE GECERLI OLDUGUNDAN; BU 
BENZER ILISKILERDEN YARARLANAN GEMI MUHEDNDIESIERS, 
EENEYLERTNT DENEY HAVUZLARINDA  YAPMAKTADIRLAR. CENTY E 
НАКЕКЕТ ЈЕКЕМ РЕКМАМЕ, ТЕКМЕУТ  ILERIYE ITERKEN, СЕМІМІМ 
BURNUNDA ВТК DALGA OLUSUR. BU DALGA, BURUNDA,  YANLARDA, 
DIPTE VE KICTA GEMIYI YALAYARAK GECER.  ANCAK, ANILAN DALGA 
ALISILAGELEN TIPTE BIR DALGA OLMAYIP, SAGA-SOLA KARISIK 
HAREKETLER YAPAN SULAR HALINDEDIR. GEMI BURNUNDA OLUSAN VE 


PERNE TARAFINDAN ILETTLEN БО” SU KITLELERI, GEMI BURNUNUN 
GENISLIGI ORANINDA ARTAN BIR YIGILMA YAPARAK, ISTENILMEYEN 
BIR DIRENC OLUSTURUR (SEKIL 1). foe  BUSDTRENCIN 
ETKISINI  AZALTABILMEK  ICIN, GEMININ  BURNUNDA  YUMRUBAS 


DENILEN VE MAHMUZU ANDIRAN BIR CIKINTI YAPILIR.  YUMRUBASIN 
ETKISI SOYLE ACIKLANABILIR: YUMRUBASLI BIR TEKNE, ONUNDE IKI 
DALGA TEPESI OLUSTURUR. BUNLARDAN,  TEKNENIN  OLUSTURDUGU 
DALGA TEPESI, YUMRUBASIN  OLUSTURDUGU DALGANIN  CUKURUNU 
DOLDURARAK, GEMI BURNUNDAKI YIGILMAYI ONLER (SEKIL 2). SONUC 
OLARAK DA,  ISTENILMEYEN DALGA YOK  EDILIR.  YUMRUBAS ADI 


Бет ЕМ SBUPYENL BURUN TIPI, AMERIKALI GEMI ADAMI DAVID 
TAYLOR ' UN BULUSUDUR. ШИЕ М BASLARINDA TAYLOR, 
BEMRUBASET  GEMILERIN, DIGERLERINE  KIYASLA РАНА KUCUK 
DALGALAR OLUSTURDUGUNU TESPIT ETMIS VE BUNUN TEORISI DAHA 
SONRA GELISTIRILMISTIR.  ANCAK, TUM OLASILIKLARI AYDINLIGA 
KAVUSTURACAK  KESIN FORMULLER GUNUMUZDE РАНГ ТАМ OLARAK 
SAPTANMIS DEGILDIR. YUMRUBAS TEORISININ СЕРМЕУ Т 


ASAGIDAKI MADDELERLE ACIKLIYABILIRIZ: 1. SEYIR HALINDEKI ВІК 
BENT OONUNDEVBUYUKCBIR DALGA TEPESI OLUSTURARAK ILERLER. 2. 
mee LUZEYININ ПЕМЕМ ALTINDA HAREKET ETTIRILEN BIR KURE, 
ARKASINDA BIR DALGA CUKURU OLUSTURUR. 3. GEMI MODELININ 
BURNUNA BIR KURE YERLESTIRILEREK, KURENIN OLUSTURDUGU DALGA 
CUKURU ILE СЕМІ MODELININ OLUSTURDUGU DALGAYI CAKISTIRACAK 
BIR DENEY UYGULAMASI GERCEKLESTIRILIR. 4.  DENEYDE, DALGA 
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CUKURUNUN DALGA TEPESINI YUTTUGU GORULUR. 5. DALGA TEE W| 
YUTULDUGUNDAN; ISTENILMEYEN DIRENC ETKISINI KAYBEDERC OC SONDE 
OLARAK, GEMI MODELI DAHA BUYUK BIR HIZ KAZANIR VEYA HAREKETI 
ICIN GEREKLI OLAN GUC AZALIR. ALINAN BU SONUC, GEMININ 
TUKETTICI YAKITI: HIC DE AZIMSANMAYACAK ВТК TASARRUF 
SAGLANDIGINI ORTAYA KOYAR.  ARMATORLERIN  YUMRUBASLI GEMI 
SIPARISLERINE  AGIRLIK VERMELERINDEN  SONRA, MUHENDISLERIN 
ISBEBERI РАНА 2 Аж 0 ЕзГи 2. ILK ZAMANLARDA  YUMRUBASLAR, 
YOLCU VE SAVAS GEMILERINDE UYGULANIYORDU. BUNUNDA NEDENI, 
ANILAN GEMILERIN SEFERLERINI ЕСЕМ ЕСІ КЕБИ Ош BIR 20 
KESIMINDE YAPMALARI IDI. OYSA, ARMATORUN SIPARISE BAGLADIGI 
YUK GEMILERINDE SU KESIMI (DRAFT), GEMILERIN YUKLU VEYA BOS 
OLMALARINA GORE, DEGISEBILDIGI ICIN, GEMI BURNUNDA YER ALAN 


YUMRUBAS, ETKINLIK  POZISYONUNU KORUYAMAMAKTADIR. GEME, 
YUKUNU ALARAK SEFERE CIKTIGINDA; YUMRUBAS, SUALTINDA, 
KALARAK, ETKINLIGINI SURDURMEK TE ISE DES YUKUN 


BOSALTILMASINDAN  SONRA, SU YUZEYINE СЇКМАКТА УЕ SONIC 
OLARAK ,@ ETKINEIGINT KAYBETIMERTEDITRM BU DURUM,  YUMRUBASIN 
GEMI BURNUNDA NEREDE YER ALMASI GEREKTIGI SORUNUNU ОБЩИ 
CIKARMISTIR. DAHA SONRA, YUMRUBAS, GEMI BURNUNUN BIRAZ DAHA 
ASAGISINA ALINARAK, SUYUN ALTINDA BIRAKILMIS VE 15 ГЕНИ 
SONUCA KISMEN DE OLSA ULASILMISTTRe YUMRUBASI SADECE 
SUALTINDA BIRAKMAKLA SORUNLARA COZUM GETIRILEMEMEKTEDIR. 
CUNKU, HER TEKNE KENDINE OZGU BIR DALGA SEKLI OLUSTURMAKTA 
VE BU NEDENLE DE,  YUMRUBASIN,  KULLANACAGI TEKNE ILE UYUM 
SAGLAYACAK  OZELLIKLERE SAHIP OLMASI GEREKMEKTEDIR. GEMI 
MUHENDISLERININ GOGUSLEMEK ZORUNDA OLDUKLARI BU GUCLUKLER, 
YENI ARASTIRMA ALANLARININ DOGMASINA YOL АСМІЅ ҮЕ ВО КЕЙ ШЕ, 
ARASTIRMALAR GEMININ KIC TARAFINDA YOGUNLASMISTIR.  YAKLASIK 
20 YIL KADAR ONCE, HAMBURGLU GEMI MUHENDISI ERNST NONNECKE, 
YENI BIR KIC FORMU GELISTIRMIS ISE DE, ОМОМ ВО ВОЗУ О АШ 
SON YILLARDA DEGER KAZANMAGA VE DIKKAT CEKMEGE BASLAMISTIR. 
NUSNEK IMS NONNECKE'NIN BULUSU, BIR KORE TERSANESINDE 2 
KONTEYNER GEMISINDE UYGULAMAYA KONULMUSTUR. ТӨ Ра 
CALISMALAR HAMBURG'DA  BASLAMIS VE BUNU  IZLEYEN DENEYLERDE, 
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ТМ5А ЕРІТГЕСЕК СЕМІМІМ BIR MODELI,  BOYU 300 M. VE DERINLIGI 
гаг ОТАП BER DENEY  HAVUZUNA CEKILEREK, МОММЕСКЕ ' МТМ 
GELISTIRDIGI KIC  FORMUNUN USTUNLUGU KABUL EDILMISTIR. BU 
ТІР ASIMETRIK KIC FORMU: SANCAK TARAFI CUKUR VE ISKELE 
TARAFI DISA DOGRU BOMBELIDIR. BU FORMUN OZELLIGI,  SUYUN 
AKISINI DUZELTEREK, DOGRUDAN PERVANEYE VERMESIDIR.  NONNECKE 
Ши О КТС ТЕОКТ5Т SU SEKILDE  ACIKLANABILIR: ӘЛЕ ЖЕНТ (ШЕШЕ 
HAREKET EDEN BIR GOVDE, SUYU BAS TARAFTAN YARAR. YARILAN SU, 
GOVDENIN KIC TARAFINDA YINE BIRLESMEK  EGILIMI GOSTERIRKEN, 
ВО КЕЙ DE GEMININ PERVANESI ILE KARSILAR. GEMININ НАКЕКЕТ 
YONUNE GORE, SAGA DOGRU DONEN PERVANE,  SUYU TEKNENIN SANCAK 


(SAG) TARAFINDAN  ASAGIYA  ITER, BUNA  KARSIN, ПӘКЕЛЕЕ 
TARAFINDAN (SOL), YUKARIYA DOGRU ITILEREK,  TEKNENIN KIC 
TARAFINDA BIRLESME  EGILIMI GUSWUERENEEESU , BIRLESMEDEN 


PERVANENIN AKIMINA KAPILIR.  CEKILEN SUALTI FOTOGRAFLARI ILE 
TESPIT EDILEN BU OLAY, SUYUN GEMIDE  ISKELE TARAFINDAN 
SEREKTIRDIGI  ITICI GUCU  OLUSTURMADAN, YUKARIYA  DOGRU 
ITILDIGI GERCEGINI ORTAYA KOYMUSTUR. BU OLAY UZERINDE DURAN 
NONNECKE, ISKELE TARAFINDAN PERVANEYE  YONELEN SU AKISINI 
DUZENLEYEBILMEK ICIN GEMIDE SANCAK VE ISKELE TARAFLARININ 
PERVANEYE YAKIN  OLAN KISIMLARINDA, TASARLADIGI FORM 
IESCGPESIKLIKLERINI GERCEKLESTIRMISTIR. BUNA GORE, GEMININ 
SANCAK TARAFI CUKURLASTIRILMIS; ISKELE TARAFINDA ISE, 
CUKURLUGUN  YERINI YUMUSAK BIR BOMBE ALMISTIR (SEKIL 5). 
SONUC OLARAK, SUYUN DAGILMAKSIZIN VE TURBULANSA 
UGRAMAKSIZIN, PERVANEYE AKABILMESI SAGLANMISTIR.  SEKIL 3 VE 
EMEUSKT VE YENI ТІР I JSC EP ININBEN KESIT ECRILERINI 
ВЕТЕР. ЕЪКТ ТТР ВТВ СЕМТОЕ ЕМ КЕЗТТ EGRILERI SIMETRIK 
BIR BICIM GOSTERMEKTE VE GEMININ ORTASINDA DUZ BIR CIZGI 
BOYUNCA BIRLESMEKTEDIR  (SEKIL 3). DICER TIP KIC FORMUNDA 
ISE, ANILAN EGRILER ASIMETRIK OLARAK GELMEKTE VE GEMININ 
ORTASINDA "5"  SEKLINDEKI BIR CIZGI UZERINDE TOPLANMAKTADIR 
(ЗЕКТІ, 5). SEKIL 4 VE 6'DA, ESKI VE YENI TIP KIC FORMLARININ 
ШЕП PROFILI ILE PERVANEYE DOGRU YONELEN SUYUN AKISI 
PeRULMEKTEDEIR. ESKI TIP KIC FORMUNDA ( SEKIL 4); PERVANEYE 
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DOGRU AKIS YAPAN SU,  PERVANE ILE KARSILASTIGINDA TURBULANSA 
UGRAMAKTA VE DOLAYLI OLARAK DA, GEMI  DIESELININ PERVANEYE 
AKTARDIGI СОСТЕ КАУВА YOL ACMAKTADIR. NONNECKE TIPI KIC 
FORMUNDA ISE, РЕКУАМЕҮЕ УОМЕГЕМ 580Ү0МХ АКТ5Т Ф2ЕМ єє 
(SEKIL 6) VE DUZENLENEN SU, TURBULANSA UGRAMADAN, PERVANE 
TARAFINDAN ITILEREK, PERVANENIN VERIMI ARTIRILMIS VE СЕМИ 
DAHA AZ BIR GUCLE DAHA BUYUK BIR HIZ KAZANMASI SAGLANMISTIR. 
"THEA S" ADLI 124 METRELIK GEMIDE YAPILAN DENEYLER, BU YENI 
КТС FORMUNUN GUNDE 2.000 LITRELIK BIR YAKIT TASAREN 
SAGLADIGINI ORTAYA  KOYMUSTUR. ESKI TIP GEMI  FORMLARININ 
GECERLI OLDUGU GUNLERE KIYASLA, YAKIT FIATLARININ BUGUN 10 
KAT ARTTIGI GOZ ONUNDE TUTULURSA, GEMILERE SAGLANAN YAKIT 
TASARRUFUNUN NE KADAR ONEMLI OLDUGU VE MODERN GEMILERININ 
NICIN BOYLE GARIP SBEGIMBERBDE INSA EDILDIGI SORUSU 
KENDILIGINDEN AYDINLIGA KAVUSABILIR. 


The second magazine article titled "Story of the Space 


Shuttle" is given below. 


1970'LERE DEK DAYANAN UZAY MEKIGI PROJESININ TEMEL АМАСТ, 
UZAYA DAHA UCUZ VE DOLAYISIYLA DAHA SIK GITMEKTIR.  MEKIKTEN 
ONCE UZAYA ATILAN INSANLI VE INSANSIZ UYDULAR, SONDA VE 
ROKETLER SADECE BIR KEZ KULLANILABILIYORDU VE ВО ЧЕРЕШИ 
MALIYETLERI -YUKSEK OLUYORDUR UZAY МЕКТСТ .PROJES ШЕ 
INSANOGLU, AYNI UZAY ARACINI SUREKLI KULLANMA OLANIGINA 
KAVUSTU. BU PROJENIN EN BELIRGIN OZELLIGI UCAK TEKNOLOJISI 
ILE UZAY TEKNOLOJISINI BIR ARAYA |GETIRMESBBUELPS SLS DEM 
GENELDE UC ANA BOLUMDEN OLUSMAKTADIR: 1) YORUNGE ARACI DA 
DENEN UZAY GEMISININ KENDISI; 2) BUYUK DIS YAKIT TANT ЕУ, 
DIS YAKIT TANKININ HER IKI TARAFINDA BULUNAN КАТТ УАКТТЬТ 
ROKETLER. SISTEMI FIRLATMA ANINDA, GEMININ ARKASINDA BULUNAN 
ANA MOTORLAR VE IKI FIRLATICI ROKET ATESLENIR. BU ISLEM IN 
SONUNDA, OTUZ MILYON NEWTON'LUK сок ВОҮОК ВІВ ЕІКІАТМА 
KUVVETT, SISTEMI HAVALANDIRIR: HAVALANDIKTAN ВТК РАКТКА 
SONRA SISTEMIN SURATI, SES SURATINI ASAR. BU SIRADA GEMININ 
ICINDE OLSANIZ VE KENDINIZI TARTSANIZ, YERYUZUNDE a GOR i 
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GELEN VUCUDUNUZUN, IKI DAKIKA ICINDE SISMANLAMIS OLMAMASINA 
ДОМОМ lsOe RILO "GELDIGINI GORURSUNUZ. BU  ILGINC DURUM, 
ARACIN IVMESININ, CEKIM IVMESINDEN UC KAT FAZLA OLMASINDAN 
KAYNAKLANMAKTADIR. HAVALANDIKTAN SONRA KATI BENT IET 
POKETCERIN YAKITLARI PARER Е DIS YAKIT TANKINDAN 
AYRILIRLAR. BU ANDA GEMI, 50 КМ. YUKSEKLIKTE VE HIZI SAATTE 
5.000 KM'YE ULASMISTIR. "AYRILAN ROKETLER, ILK HIZLARINDAN 
DOLAYI DERHAL ASAGIYA DUSMEZLER. 50 KM'DE AYRILAN BU 
ESEETLER, 67 KM'YE DEK CIKAR VE SONRA DUSMEYE  BASLAR. 
EESURKEN, YUZEYDEN YAKLASIK 3 КМ.  YUKSEKLIKTEN, UC EVRELI 
ID USUT SISTEMI CALISIR VE DUSUSUN HIZINI AZALTIR.  DENIZE 
DASEN ROKETLER, SU YUZEYINE DEGDIKLERI ANDA PARASUTLERDEN 
CIRA VE ALT TARAPTA BULUNAN OZEL BOLMELER SISEREK, 
ROKETLERIN BATMAMALARI SAGLANIR. DAHA SONRA BUNLAR DENIZDEN 
TOPLANIR. GEREKLI ONARIM VE BAKIM YAPILARAK, BIR SONRAKI 
UCUS ICIN HAZIRLANIRLAR. BU KATI ҮАКТТГ CNESEETLEREIN 


KALKISTAKI  AGIRLIGI, БА 5 ЕЕ ОО TONDUR "VE  11.9007000 
NEWTON'LUK BIR ITME MEYDANA GETIRMEKTEDIR. UZUNLUGU 45.5 
ШЕКЕ, зле GOYDENEN САРТ ІЗЕ 3.7 METREDIR. UZAY 


GEMISININ ANA MOTORLARINA YAKIT VEREN BUYUK DIS TANK ISE 
YERDEN 200 КМ. YUKSEKLIKTE IKEN YAKITI BITTIGINDE ARACTAN 
AYRILIR. 20 KATLI BIR APARTMAN YUKSEKLIGINDE (50 M.) OLAN BU 
БЕТКЕ SILINDITRIK TANKIN CAPIT 30 METREDIR. YAPIMI ICIN 30 TON 
ALUMINYUM KULLANILAN BU TANKIN BIR KEZ KULLANILMASI, BIR COK 


KISININ NASA YI ELESTIRMESINE NEDEN OLMAKTADIR. CUNKU 
MEKIKTEN AYRILAN TANK, DAHA SONRA DUNYA ATMOSFERINE GIREREK 
YANMAKTADIR. NASA MUHENDISLERI BU TANKLARDAN NASIL 


YARARLANACAKLARINI DUSUNMEKTEDIRLER.  HAZIRLANAN BU PROJEYE 
GORE, 1990'DAN SONRA KURULMASI BEKLENEN UZAY ISTASYONUNUN, 
BU TANKLARDAN YIRMISININ BIR ARAYA GETIRILEREK YAPILMASI 
ONERILMAKTEDIR. MARTIN  MARIETTA AEOROSPACE  SIRKETI'NIN 
GELISTIRILMIS PROGRAMLAR BASKANI OLAN FRANK WILLIAMS'A GORE 
GEMI, TANKINI UZAYDA BIRAZ DAHA SONRA BIRAKACAK. O ZAMAN 
ог TER ATMOSPERTNE DUSMEYECEK,  GEMIYI IZLEYEREK ISTENEN 
YORUNGEYE OTURTULMASI SAGLANACAK. DENEYLERIN YAPILACAGI VE 
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ICINDE RAHATCA YASANILABILECEK SAGLAMLIKTA OLAN BU 
SILINDIRLER UC UCA EKLENDIGINDE, ISTENEN UZAY ISTASYONUNUN 
НЕМ РАНА KISA ZAMANDA, НЕМ DE DAHA EKONOMIK BIR SEKI 
YAPILABILECEGI ILERI SURULUR. UZAY GEMISININ ON GOVDESI VE 
МОКЕТТЕВАТ BOLUMU; ALUMINYUMDAN  YAPILMIS UC KATTAN 
OLUSMAKTADIR. EN UST KATTA, YORUNGE ARACININ KENDISINI, TUM 
UZAY GEMISI  SISTEMINI VE TASINAN YUKU  YONETENS CDENETDBEENME 
KUMANDA SISTEMI YER  ALMAKTADIR. BU KATTA, UC ASTRONOT 
ISKEMLESI BULUNMAKTADIR. ORTA KAT, UCUS ZAMANI TASIMA VE 
YASAM BOLUMU OLARAK AYRILMISTIR. AYRICA BU BOLUM,  GEMININ 
YUK TASIYAN KARGO BOLUMU ILE BAGLANTILIDIR. ALT КАТТА ISE 
CEVRE KONTROL GERECLERI YER ALMAKTADIR. GEMININ ORITA BOCCE 
YUK TASIYAN KARGO BOLUMUDUR VE UZAYA GIDERKEN USTTEN ACILAN 
IKI KAPAK ILE ORTULMEKTEDIR. UZAYDA BU KAPAKLAR ACILARAK, 
UYDULARI YORUNGEYE  OTURTMAK,  YURUYUS YAPMAK GIBI СЕБЕ 
GOREVLER > YERINE GCGETIRILCME: HEDER ARKA GOVDE УЕ МО 
YUVALARINI TASIYAN SON BOLUM, YORUNGE ARACININ EN KARMASIK 
PARCASIDIR. SADECE 8 ГАКТКА 50КЕҮГЕ АТЕБ5ГТЕМЕМ үЕ ҮОЕКО Е 
ERISMEZDEN ONCE 6 MILYON NEWTON'LUK FIRLATMA KUVVETI YARATAN 
UC ANA MOTOR BU BOLUMDEDIR. ANA MOTORLAR SUSTUKTAN SONRA 
GEMIYI  YORUNGESINE OTURTAN IKI ROKETTEN OLUSAN  YORUNGE 
MANEVRA SISTEMI DE BU ARKA BOLUMDEDIR. SON OLARAK BU BOLUMDE 
38'I ANA, 6'SI DUYARLI OLMAK UZERE TOPLAM 44 KUCUK ROKET TEN 
OLUSMUS,  TEPKI-DENETIM SISTEMI BULUNMAKTADIR. BU STSTENE 
ARACIN (YORUNGE ICINDE KALMA KOSULU ILE) KONUMU VE UCHEL TEF 
BOYUNCA  DONME HAREKETLERI  SAGLAMAKTADIR. YUKARIDA KISACA 
OZELLIKLERINI TANITMAYA  CALISTIGIMIZ UZAY GEMIST ТЕК M 
UCUSUNU, 3 YILLIK GECIKMEDEN SONRA, 1901 ИРЕШМИ и 
UCUSA HAZIRLANAN 4 UZAY GEMISINDEN ILK YAPILANI; СОКО ШШ 
ADINI TASIYORDU. UCUS KOMUTANI VE PILOT, ICK СЕМЕ ЗЕЛИНА 
PERSONELIYDICER. 12 NISAN 1981 GUNU COLOMBIA FLORIDA'DAKI 
FIRLATMA USSUNDEN HAVALANDI. DUNYA  CEVRESINDE 36 TUR АТАМ 
GEMI KALKISTAN 54.5 SAAT SONRA, 14 NISAN GUNU YERYUZUNE 
DONDU. UCUS BASARILI GECMISTI AMA; GEMIYI YUKSEK SIGART 
KORUYAN KORUMA FAYANSLARI ONEMLI DERECEDE HASARA UGRAMISTI. 
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HASAR NEDENI OLAN SICAKLIK, OZELLIKLE ARAC  DUNYA'YA 
DONERKEN,  ATMOSFERDEKI SURTUNMEDEN KAYNAKLANIYORDU. IKINCI 
UCUS, 14 KASIM 1981 СОКО GERCEKLESTIRILDI. BES GUN OLARAK 
DUSUNULEN UCUS PROGRAMI YARIDA KESILDI VE GEMI IKI GUN SONRA 
YERYUZU'NE  DONDU. BU UCUSUNDA НАУА  KIRLILIGI, DENIZ 
ARASTIRMALARI GIBI BIR TAKIM  BILIMSEL ARASTIRMALAR YAPILDI. 
AYRICA, KANADALILARIN YAPTIGI HERHANGI BIR YONE DOGRU 15.6 
BHETREMUZANABILEN, GEMI DISINDAKI ВТК МЕЗМЕУТ ТОТМАК ICIN 
VEYA  ICINDEKI BIR ALETI TUTUP UZAYA BIRAKABILMEK ICIN 
KULLANABILECEK, KIMININ VINC, KIMININ ROBOT, BAZILARININ DA 
MEKANIK KOL  DEDIGI  BIRIMI  DENEDILER. BOU UGCUSTA CEMI, 
BIRINCIYE GORE ПАНА AZ HASARA UGRAMISTI. UCUNCU UCUS, 22 
MART 1982 GUNU BASLADI VE ILK KEZ SEKIZ GUN SURDU. GEMI, 
PLANLANAN SEYRINI BIR GUN GECIKMEYLE 30 MART'TA TAMAMLADI. 
BU SEYIRDE, KOMUTAN VE PILOT, NORMAL CALISMALARIN YANI SIRA, 
ВТК СОК  SEYLE DE UGRASTILAR. BUNLAR UZAY ТОТМА51,  RADYO 
ARIZALARI, TIKANMIS TUVALET,  LUMBUZLARDAKI KIRAGI,  ARIZALI 
RADAR EKRANI VE UYKUSUZLUKTU. FAKAT HERSEYE KARSIN, СОК 
BASARILI BIR SEYIRDI. ASTRONOTLAR, GEMININ SADECE BIR 
YUZUNU DAIMA GUNES'E CEVIREREK BIRKAC SAAT ISITTILAR, DOGAL 
OLARAK DIGER TARAF DA DONDU. BOYCECE “GEMININ TISISAL 
БЕНГІІКТЕКІ SAPTANMIS OLDU. MEKANIK KOLA YERLESTIRILEN BIR 
CIHAZLA, UZAY  GEMISI CEVRESINDEKI PARCACIKLAR УЕ ЕБЕКЛЕТК 
ALANLARI OLCULDU.  MEKANIK KOLUN НАКЕКЕТІМІ SUREKLI DENETIM 
ШИПА TUTMAK IGIN KOL  UZERINE YERLESTIRILEN TELEVIZYON 
KAMERASI ARIZALANINCA, PERSONEL AYNI ISI YAPABILMEK ТІСІМ 
BILDIGIMIZ AVCI DURBUNU KULLANMAK ZORUNDA KALDILAR. ILK UCUS 
GUNUNUN SONUNDA, YERYUZU'NDEN HAVALANIRKEN LUMBUZ 
KORUYUCUSUNU KIRAN BEYAZ MADDENIN, GEMININ BAS KISMINDAN 
KOPAN ISI KORUYUCU OLDUGUNU KESFETTILER. PERSONEL ILK GUN 
ШЕ ВТК SEY  YIYEMEDI. ДУКШСА  PILOT; AGIRLIKSIZ  ORTAMA 
ALISAMADIGINDAN UYUYAMADI;j; DOLAYISIYLA DA  IKINCI GUN СОК 
YORGUN  DUSMUSTU. BU DURUMU РОДНО О SOZLERIE DILE 
GETIRIYORDU:  "KENDIMI, SANKI HER ON DAKIKADA  BIR MARATON 
ESSUISORMDSOGEBISOHISSETTIM." BU SEYIRDE AYRICA ARI, PERVANE, 


89 


МЕ, SINEKLERDEN OLUSAN HAYVANLARIN, AGIRLIKSIZ ORTAMDA 
DAVRANISLARI INCELENDI. ARILAR UCMAKTAN  YORULDUKLARINDA, 
AMACSIZ ВТК SEKILDE OLDUKLARI УЕВЕ DONUYORLARDI. GETII 
DUNYA'YA DONDUGUNDE TUM ARILAR OLMUSTU. PERVANELER CILGIN 
ВІК SEKILDE KANAT CIRPTILAR;  SINEKLER HEP YURDDUBER. РИ 
UCMAK ICIN CALISAN BIR SINEGI ASLA  GORMEDIGINI SOYLUYORDU. 
INISIN YAPILACAGI EDWARDS HAVA KUVVETLERI USSU'NDEKI KURU 
GOL YATAGI MEVSIMIN DE ETKISIYLE INIS GUNU IYICE TSEAN E 
BU NEDENLE, INIS ORAYA DEGIL DE, NEW MEXICO'DAKI LIMANA 
YAPILDI. ҒАКАТ INISIN YAPILACAGI GUN KUVVETLI BIR FIRTINA 
PATLAMIS VE INISIN YAPILACAGI ALAN, SEYIRDEKI GEMIDEN DAHI 
RAHATCA GORULEBILINEN BEYAZ BIR TOZ BULUTU ALTINDA KALMISTI. 
BU NEDENLE UCUS BIR GUN GECIKTIRILDI. DORDUNCU 4000 08 
HAZIRAN-4  TEMMUZ 1982 ARASI GERCEKLESTIRILDI. BU SEYIR 
DIGERLERINDEN IKI YONDEN FARKLIYDI. BIRINCIST; ASKERT ADEM 
YUK TASIYORDU. HAVA KUVVETLERI YUKUN NE OLDUGUNU ACIKLAMADI. 
FAKAT BU GIZLI YUKUN, KIRMIZIOTESI ARAMA VE TARAMA YAPAN BIR 
ALET OLDUGU BILINIYORDU. IKINCI FARKLI YON,  OGRENCIDEPS 


HAZIRLADIGI 90 KG. AGIRLIGINDAKI DENE Y PAKETININ 
TASINMASIYDI. ВО SEYIRDE YAPILAN BIR BASKA DENEY DE BAZI 
BIYOLOJIK MATERYALIN  BIRBIRLERINDEN AYRILMASIYDI. DENET 


YAPAN ALET, BU MATERYAL KARISIMI BIR ELEKTRIK ALANA KOYUYOR 
VE ONLARI DOGAL ELEKTRIK YUKLERINE GORE SECEBILIYORDU. DUNYA 


ЦЭ 11130 ” 5 22: р 1. YERCEKIMI ЕЁТКТЇЁМЕКТЕ ЕБЕКТКІК 2200 
SICAKLIK VE  CALKANTIYA NEDEN OLMAKTA, DOLAYISIYLA DA 
MATERYAL ТЕККАК  BIRBIRINE KARISMAKTADIR. UZAYDA BU 


MATERYALLERI BIRBIRINDEN AYIRMANIN, 800 KEZ DAHA ЕТКІМ 
OLDUGU ORTAYA CIKARILDI. BU SON DENEME UCUSUYDU. BUNDAN 
SONRAKI UCUSLAR, NORMAL TICARI AMACLI  OLACAKTI.  DORDUNCU 
UCUSTA BASARIYA  ULASAMAYAN EN ONEMLI NOKTA, KATI ҮАКТТЫГ 
ROKETLERIN PARASUT MEKANIZMASININ ARIZALANMAST VE НЕК ВАН 
MILYAR У НА мы OLAN BU ROKETLERIN DENTZ DIB 
BOYLAMASIYDI. BESINCI UCUSUN PERSONEL SAYISI, ГЕК KEZ Le ID 
FAZLA OLUYORDU. UCUS KOMUTANI VE PILOTTAN BASKA, WILLIAM VE 
JOSEPH ADLI IKI ASTRONOT DA UCUS UZMANI OLARAK  GEMIDE YER 
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ALDILAR. SO0BMINIBNCILK TICARI YUKU OLAN ILETISIM UYDULARI 11 
KASIM 1982 GUNU BASLAYAN BU SEFERDE BASARIYLA YORUNGEYE 
OTURTULDU. EGER BU UYDULAR YERDEN YORUNGEYE 
БИВАО КУ ЕРОТ, UYDU SAHIPLERI ПАНА  FAZLA PARA  ODEMEK 
ZORUNDA KALACAKLARDI. BU SEYIRDE  PERSONELI UZAY TUTTU. 80 
YUZDEN UZAYDA  YURUYUS IZLENCESI BIR GUN  ERTELENDI.  ERTESI 
GUN ISE HER BIRI YARIM MILYAR TL'NA MAL OLAN UZAY MELBUSATI 
ARIZALANDI. TUM UGRASLARA  KARSIN ARIZALAR  GIDERILEMEDIGI 
mein YURUYUSTEN VAZGECIEDI. FAKAT BU COK ONEMLI BIR DENEYDI; 
CUNKI GELECEKTE UZAY  LIMANI GIBI ВО YAPILAR INSA 
EDILIRKEN, BU TECHIZAT ILE ARAC DISI CALISMALAR YAPILACAK. 


NE 


2. РКОБРЕНИЋ 


The two programs used to obtain the probabilities of the 


symbols in the magazine articles given above. 


А Fortran 


program creates a data set format which can be processed by 


a SAS program. The program which sets the logical record 


length of data file to l, is given below. 


//AKINSEL JOB (0936,5555), 


//*MAIN ORG=NPGVM1.0936P 


/ | 


EXEC FORTY CG 


//FORT.SYSIN DD* 
THIS PROGRAM CONVERTS ONE LOGICAL RECORD OF 


C 


С2 7702 (СІ САС OD 


10 


20 


30 


100 


110 


/ [GO 


EIGHTY ОНАКАВ ТИ ОСЕТЕ ПЕТ 


"AKINSEL',CLASS-A 


LOGICAL RECORDS OF ONE CHARACTER КАСЫ 


UNIT 5: TNEUT 
UNIT 1: OUTPUT 


DIMENSION A(80) 
LINES =0 

CONTINUE 
READ(5.20,END=100) A 
FORMAT (80A1 ) 

LINES - LINES + 1 

DO 30 1-1.80 
WRITE(1,20) A(I) 
CONTINUE 

О ФОТО 

CONTINUE 
WRITE(6,110) LINES 
FORMAT(1X,'NUMBER OF LINES READ: ',17) 
STOP 

END 


-FTOLFOOL DD UNIT=3350,VOL=SER=MVS004, 


22 


DISP=(NEW,KEEP), 
// DCB=(RECFM=FB,LRECL=,BLKSIZE=6000), 
//  SPACE=(TRK,(1,1)),DSN=S0936.LETTER 
О DD * 

Insert text here. (Also,remove this line). 
/% 
Ш 


219 


The second program is executed to find the probability 
of each symbol in the alphabet. This SAS program is given 


below. 


//AKINSEL JOB (0936,5555), 'AKINSEL' ,CLASS=B 
/ | *MAIN ORG-NPGVMI.0936P 
// EXEC SAS 
//TEXT DD UNIT=3350,VOL=SER=MVS004,DISP=SHR, 
DSN-S0936.ALPHAI1 
//SYSIN DD * 
OPTIONS LINESIZE = 80; 
DATA TEXT; | 
INFILE TERT: 
INPUT (81 1ЕТТЕВ 5СНАВ1. ; 
IF LETTER EQ ' ' THEN DELETE; 
PROC FREQ DATA-TEXT; 
TABLES LETTER; 
/ж 
И 
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APPENDIX B 
THE LISP PROGRAM OF CODING PROCESS 


The Lisp program for finding the code words of the 
original Huffman and the modified Huffman codes is given 


below. 


(defun huffman (P) 


(sortcar (assign (arrange (mapcar ‘list P)))}" 'gYreéaterp) ) 


(defun arrange (Q) 
ond ((null (cdr 0)) 0) 
Не ат алое (insert (list (add (cĉaar Q) (caadr Q)) 
(саг 9) (cadr Q)) 
(сија о) ) )) 


(defun insert (x Q) 
ЕОС ОЕТ О) (cons x Q)) 
((lessp (plus (times (car x) K) epsilon) (caar Q)) 
(putia N x Q)) 
(2 Cons САТИ сеге (cdr 09) )) )) 


(defun putin (n x L) 
(cond (( zerop n ) (cons x L)) 
(mall L) (ISE x)) 
Mage ous ЕЗИ) рагі (subi n) x (cdr L)))))) 


mleftun assign (Q) (split nil (carQ)) ) 


(defun split (c L) 
БЕНЕН (сағ рони list (list (car L) C)) ) 
(t (append (split (cons l c) (cadr L)) 
a xu cons О с) (caddr L)) )) )) 


(defun sortcode (L) 
cons mult Lil) 
Шн тэ аг сааат b) (sortcode (cdr L)) )) )) 
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(defun inscode (pacer, 
(сопа (Gnull L) (list (list pR s pi 
((greaterp (length c) (length (cadar L))) 
(cons (list p (cadar L)) (inscode (caar ГІ) С (ССР 
(t (cons СЇТЭ ” т ӨГ 


(defun totlength (L) 
(conda еттер те 
(t (add (times (caar L) (length (cadar L)) ) 
(шесіс Тепгер (сетті) “В 


(defun avglength (L) 
(quotient (times 1.0 mtot length |) 
(apply ада (тарсакг сағ NEN 


(defun varlength (L) 
(quotient (times 1.0 (varlength2 L (avglength L))) 
(apply "add (mapear 'саг 00) 


(defun varlength2 (L mu) 
(cond ((null L) 0) 
(t (add (times (caar L) 
(expt (difference (length (cadar L)) mu) 2)) 
(varlength2 (сст ВО smua s s) 


(defun Zipi m) 
(cond ((zerop n) nil) 
(t (cons (quotient 1.0 п) (лире - по M MN 


(defun tryN (n e k) 
(set 'N n) 


(Set 'epsilon e) 


(set 'K k) 

(set code (sortcode (huffman Turkish)) ) 

(print (list 'N = п ‘epsilon - вс а/ы 

(рР соде) 

(print (list ‘mean ‘= (avglength code)))) (tempus 
(print (list ‘variance ‘= (varlength code))) @terp ue 
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"(0.0 0.00006 0.00006 0.00017 0.00028 0.00034 


(set 'Turkish 
0.00039 0.00045 
0.00067 0.00073 
ОЕ ООЛ 49% 00134 
0.00687 0.00872 
0.01883 0.02185 
0 0350910703861 
0 060152Е50:07952 

(set 'N O) 

(set 'epsilon 0) 

(set 'K 1) 


0 


.00045 
0.00073 
0.00162 
0.00989 
О: 
0 

0 


02660 


. 03984 
. 09427 


. 00056 
.00084 
. 00196 
„01017 
12622 
‚05130 
210528 


o, 


.00061 
‚ 00084 
„00358 
E0227 
.02945 
„05163 
,13339) 


0 


.00067 
0.00089 
0.00581 
0. 
0 
0 
) 


01637 


205213 
. 06085 


APPENDIX C 
THE FORTRAN PROGRAM TO FIND THE MAXIMUM BUFFER LENGTHS 


$JOB 
C 
C Ye VARIABLE DERINITIONS "x 
C 
C LENGTH = NUMBER OF BITS BELONGING TO EACH 
C CHARACTER AFTER CODING PROCESS 
C RATEI = INPUT RATE (BITS PER UNIT TIME) 
C RATEO - OUTPUT RATE (BITS PER UNIT TIME) 
C MAX = MAXIMUM BUFPER LENCTH 
С ВУЕ1(Т) = BUFFER SIZE OF EACH CHARACTER 
C BUFFER = TEMPORARY VARIABLE 
C BUF2 = REAL PART OF THE BUFFER 
C A = ARRAY IN WHICH THE CHARACTERS ARE LISTED 
C N(I) = ARRAY IN WHICH THE NUMBER OF CHARACTER: 
C ARE, Lis TE. 
С 
С VARIABLE DECLARATIONS TU 
C 
REAL BUFFER, LENGIH. БКАТЕТР Ё 9. 
CHARACTER*] А( ) 
INTEGER Т,ВЏЕЈ( ),N( ) МАХ 
С (Insert the length of the messages inside 
G the parentheses given above.) 
C 
C BEGINNING OF THE PROGRAM 
С 


READ(5,100) A 

RATEI = (Insert the input rit 
PRINT,'INPUT RATE IS = "ВАТЕ 
PRINT,' ' 


Ус 


САТЕ = (Insert thesoutput rate. ) 
PRINT, 'OUTPUT RATE IS = АЕ) 
PRINTO 
BUFFER = 0.0 
DO 200 I = l,(Insert the length of the message.) 
N(I) = I 
200 CONTINUE 


WRITE(6,300) 'BUFFER SIZE' 
(Insert the number of bits for each character 


after coding process next to the variable 


name 'LENGTH', given below.) 
DO 400 I = l,(insert the length of the message) 
THES ERN THEN 
LENGTH = 
БИСЕР ӘНЕ (АСТ) ЕШ 1") ТНЕМ 
LENGTH = 
ELSE IF (А(Т).ЕО.'А') THEN 
LENGTH = 
ELSE IF (A(I).EQ.'E') THEN 
LENGTH - 
ЕЛЕР БЕ (СӨК во м) SHEN 
LENGTH - 
PIP Е) ав‘) THEN 
LENGTH = 
ELSE IF (A(I).EQ.'U') THEN 
LENGTH - 
PESE AE OKI) EQ. L') THEN 
LENGTH = 
БІӘН ІК (1(1).ЕО 15") ТНЕМ 
LENGTH - 
ELSE IF (A(I).EQ.'K') THEN 
LENGTH - 
ОЕ ТЕ (т) ва. р) НЕМ 
LENGTH = 
BLSE IF (A(I).EQ.' T') THEN 


LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (А С) 
LENGTH = 
ЕШ КИЕ (А(Г) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
FUSER IF (ACL) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(t) 
LENGTH = 
ED SF IF (A) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 


ЈЕО. 


ЈЕО. 


.EQ. 


.EQ. 


JE 


ЈЕО. 


ЗЕРЕ 


ЈЕО. 


TOR 


| EE 


.EQ. 


.EQ. 


ZEN 


.EQ. 


.EQ. 


. EQ 


ЈЕО. 


'G') 


во 


QUI 


'F') 


MON 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


> SEEN 


шн 


100 


.'l') THEN 


THEN 


ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
EC ENTER A(T) 
LENGTH = 
ELSE IFAT 
LENGTH = 
ELSE UNI) 
LENGTH = 
ELSE ТЕ (А(Т) 
LENGTH = 
ELSE IF (А(Т) 
LENGTH = 
ELSE IF (А(Т) 
LENGTH = 
ST: SEMPER 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 


TEQ: 


„ЕС 


.EQ. 


ЈЕО. 


12077 


ЕЕ 


.EQ. 


.EQ. 


.EQ. 


.EQ. 


.EQ. 


.EQ. 


ЈЕО. 


ЈЕО. 


.EQ. 


SEO. 


.EQ. 


MEN 


2) 


27) 


aoe.) 


Кона) 


28: 


2 


PON 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


LENGTH = 

END IF 

BUFFER = BUFFER + LENGTH 

BUFFER = BUFFER - RATEO 

IF (BUFFER.LE.0.0) THEN 
BUFFER - 0.0 
BUF1(I) = BUFFER 

ELSE 
BUF2 = BUFFER - AINT(BUFFER) 
IF (BUF2.GT.0.0) THEN 

BUF1(I) = INT(BUFFER) 


BUFI(I) = BURI(1) + 1 
ELSE 
BUF1(I) = INT(BUFFER) 
END IF 
END IF 
400 CONTINUE 
MAX = 0 


DO 500 I = 1,(Insert the length of the message.) 
ЈЕ (МАХСБТ.ВПЕТ ШИЕ 
МАХ - ВОЕ1(1) 
END TE 
500 CONTINUE 
DO 600 I = l,(Insert the length of the message.) 
WRITE(6,700) N(I),BUFI(I) 
600 CONTINUE 
100 ЕОЕМАТ(73 А1) 
700 FORMAT (I6,9X,I5) 
300 - ЕОВЫМ 098 412) 


STOP 

END 
SENTRY 
C (Insert the message itself below. Each line 
С should consist of 73 characte -PE 
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$JOB 


оо ооо ооо оо ушеш е) 


APPENDIX D 
FORTRAN PROGRAM TO FIND THE NUMBER OF OVERFLOWS 


оос VARIABLE DEFINITIONS мек 


LENGTH з NUMBER OF BITS BELONGING TO EACH 
CHARACTER AFTER ENCODING PROCESS 


RATEI = INPUT RATE (BITS PER UNIT TIME) 
RATEO = OUTPUT RATE (BITS PER UNIT TIME) 
Р = NUMBER OF LOST CHARACTERS 

R = NUMBER OF TRANSMITTED CHARACTERS 


DIFFER = DIFFERENCE BETWEEN LENGTH OF THE CHARACTER 
AND OUTPUT RATE 
BUEFER = PROVIDED BUFFER SIZE 


А(Т) - ARRAY IN WHICH THE CHARACTERS ARE LISTED 
РАИ НИНА СЕК PART OF DIFFER 

РТЕЕ2 =IREAL PART OF DIFFER 

FLOW = DIFFERENCE BETWEEN BUFFER AND ОТЕЕ1 


— VARIABLE DECLARATIONS 2227 


REAL LENGTH,RATEI,RATEO,DIFFER,DIFF2 
CHARACTER*1 A( ) 

(Insert the length of the message inside the 
parenthesis given above.) 
BNUDEGERSISKCPOBUBEERSR;DIEELISELOW,T 


хэл BEGINNING OF THE PROGRAM fe 


READ(5,100) A 
Ооо св 3) 


11018) 


(Insert the smallest and the largest provided 


buffer size in the parenthesis above.) 


BUFFER = Т 
Р= 0 

R = 0 

ОЮТЕЕЕК | 
ВАТЕТ = 


PRINT,'INPUT RATE 
PRENT, E 
ВАТЕО = 


PRINTS VOUDPUTSENBEDUOMEE 


РЕМ ВЕ 


(Insert the input rate.) 
= 


' RATEI 


(Insert the output rate.) 


' ,RATEO 


PRINT, PROVIDED BUFFER В 


PRINT 

(Insert the number 

after coding proce 

name 'LENGTH', giv 

DO 300 I= 1l,(Inse 

НЫ” 

LENGTH - 

ELSE LE (А (ВИ 
LENGTH - 

ELSE IF (A(I) 
LENGTH = 

ELSE IF CAM 
LENGTH - 

EESE про T) 
LENGTH - 

ELSE IF (AW) 
LENGTH = 

ЕҺЗЕ ТЕ (0700) 
LENGTH - 

BLUSE лат (ОН) 
LENGTH - 

ЕГ за (г, 


of 
SS 
en 


ЕЕ 
D 


EU 


.EQ. 


.EQ. 


.EQ. 


.EQ. 


Eon 


TIUS 


.EQ. 


bits for each char C Cer 


' ,BUFFER 


next to the Variable 
below.) 


the length of the message.) 


104 


TREN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
ТЕКСІН - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH = 
ELSE ТЕ (ACD) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 


БШ, 


ЈЕО. 


EQ. 


КЕП. 


ЈЕО. 


ЈЕО. 


КО 


SER. 


ЈЕО. 


ЈЕО. 


EQ. 


EQ. 


. ЕО. 


ЕО: 


ЈЕО. 


EQ. 


O. 


'D') 


ше") 


'"M') 


105 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (A(I) 
LENGTH - 
BLUSE IF (AG) 
LENGTH = 
ELSE IF (A(I) 
LENGTH = 
ELSE IF (A(I) 
LENGTH - 
ELSE IF (AQ) 
LENGTH = 
ELSE IF (A(I) 
LENGTH = 
ЕБЗЕ FIP (A(S) 
= LENGTH = 
ELSE IE (ACE) 
LENGTH - 
ELSE IF (AC) 
LENGTH = 
о а 01) 
LENGTH - 
ELSE ШЕ (ACS 
LENGTH - 
ELSE IF (AM 
LENGTH = 
ЕНІН ШІН (AC 
LENGTH - 
ELSEIF (A(S 
LENGTH = 
ENSE IF (AH 
LENGTH - 
ELSE IF (A(I) 


.EQ. 


ЕБ) 


Яо 


EQ. 


EQ. 


296). 


EQ. 


.EQ. 


Nes 


ШЕСІ 


ЈЕО. 


БО) 


ЈЕО. 


.EQ. 


.EQ. 


SEN 


.EQ. 


ЈЕО. 


НЕЙ 


PN] 


52877) 


)) 


"5 a) 


202) 


Am) 


"S 


228 


"OU 


ЕЛ) 


no O 


м") 


DUI OMEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


THEN 


LENGTH - 

ELSE IF (A(I).EQ.'?') THEN 
третина 

ELSE IF (A(I).EQ.'X') THEN 
LENGTH - 

ELSE IF (A(I).EQ.'Q') THEN 
LENGTH - 

END IF 

LENGTH - LENGTH * DIFFER 

DIFFER - LENGTH - RATEO 

IF (DIFFER.LE.0.0) THEN 


R = R + 1 
DIFFER = 0.0 
ELSE 


DIFF2 - DIFFER - AINT(DIFFER) 
iF (DIFF2.GT.0.0) THEN 

DIFFl - INT(DIFFER) 

DIFF1 = DIFF1 + 1 
ELSE 

DIFF1 
END IF 
FLOW = BUFEER - DIFF1 
IF (FLOW.LT.0)THEN 


INT (DIFFER) 


Е- Е + 1 
EISE 
R = R + 1 
END IF 
END ТЕ 
300 CONTINUE 
BEINT A TOST CHARACTERS ARE = ',P 
В TRANSMITTED CHARACTERS ARE = ',R 
РҺІМТ, ' 
РЕІМТ, ' 
PRINT, | 


200 CONTINUE 
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100 FORMAT(73 Al) 


STOP 

END 
SENTRY 
С (Insert the message itself below. Each line 
(Е should consist of 73 characters.) 
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